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Introduction 


PURPOSE 


The slowdown in productivity growth, persistently high rates 
of unemployment, and intense competition from foreign produ- 
cers have generated a great deal of interest in the sources 
of output growth. It is generally recognized that technolog- 
ical change exerts a positive and significant influence on 
the ability of an economy to expand output. A major component 
of technological development is research and development 
(R&D) investment. 

The significance of the sources of output growth in in- 
fluencing industrial performance has led governments to in- 
troduce a wide variety of policies designed to affect R&D 
expenditures. The first purpose of this study is to estimate 
the effectiveness of the various R&D investment tax incen- 
tives. Specifically, three direct incentives are considered: . 
the immediate expensing provision, the tax credit, and the 
Special allowance. 

Besides the direct incentives, indirect tax incentives 
also operate on R&D expenditures. For example, because in- 
vestment in R&D and in plant and equipment may be related in 
production processes, tax policy designed to influence the 
latter may have an effect on R&D expenditures. In this study 
we estimate indirect effects on R&D investment. The two in- 
centives considered are the accelerated depreciation provi- 
sion and the tax credit on plant and equipment expenditures. 

The second purpose of this study is to investigate the 
manner in which firms finance R&D projects relative to the 
method of financing investment in plant and equipment. The 
conventional wisdom is that R&D investment is generally 
financed by equity, whether through internally generated 
funds or share issues, rather than by debt. Indeed, it may 


4 Research and development 


be that only firms generating a substantial flow of funds 
can support a sizeable R&D investment effort. The debt- 
financing composition of both plant and equipment and R&D 
investment is estimated in this study. Moreover, we evaluate 
the effects that changes in the interest rate on corporate 
bonds exert on the structure of production and R&D expendi- 
tures. 

To identify the effectiveness of tax incentives and the 
influence of interest rates on R&D expenditures an economet- 
ric analysis of the structure of production and financing is 
conducted. Two significant features of the model are used in 
the analysis. First, the model is dynamic because we recog- 
nize that there are lags involved in completing R&D projects. 
In other words, R&D expenditures generate an accumulation of 
R&D capital. This accumulation involves an adjustment period 
in which corporations attain their desired stock of R&D or 
knowledge capital. Second, in the model the demand for R&D 
capital is determined simultaneously with the demands for 
labour and plant and equipment (or physical) capital. All 
production and investment decisions are interrelated. This 
allows us to investigate the interaction of R&D capital with 
labour requirements and physical capital utilization in pro- 
duction processes. Specifically the demand for R&D capital, 
-like the demands for other inputs, depends on an array of 
factor prices and output quantities. 


ORGANIZATION 


The study is divided into a number of chapters. Chapter 2 
provides a brief survey of the literature on R&D investment. 
The major focus of this literature has been the role of R&D 
investment as a source of productivity growth. Little, if 
any, emphasis has been placed on the determinants of R&D in- 
vestment itself. In the present work, firms accumulate R&D 
investment into a type of capital input which, like physical 
capital associated with plant and equipment, is determined 
by factor prices and output production. This is one of the 
few studies conducted with Canadian data that investigates 
the determinants of the demand for R&D capital and the rate 
of R&D investment within the context of general production 
decisions. 

Chapter 3 provides a brief overview of the institutional 
features of the relevant aspects of tax policy over the 
sample period for the study. In addition, we also discuss 
the major results from the literature concerning the effect 
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of tax incentives on the rate of physical investment. This 
is the first study to investigate the role of tax incentives 
in rélation to the demand for R&D capital and its rate of 
investment. 

Attention is drawn to the degree to which R&D investment 
tax credits are unutilized by Canadian firms whose sales are 
in excess of 50 million dollars. This is an important issue 
because these firms account for most R&D investment. They 
comprise our sample of firms. The underutilization of the 
R&D investment tax credits limits the effectiveness of this 
instrument in stimulating this type of investment. In order 
to measure the seriousness of the underutilization issue, we 
distinguish between the effective (or agian and statutory 
R&D investment tax credit rates. 

Chapter 3 contains calculations of the effect that alter- 
native tax incentives exert on the unit cost of R&D expendi- 
tures. Moreover, the effect that recent policy initiatives 
would have on this cost is discussed. 

Chapter 4 provides details for the data bank that was 
constructed for this study. Chapter 5 is a technical chap- 
ter, which covers the development of the theoretical model, 
the empirical specification, the estimation results, and a 
discussion of the adjustment process. The adjustment process 
relates to the speeds at which physical and R&D capital are 
accumulated by the firms in the sample. Here we analyse the 
length of time it takes for the firms to attain each of 
their desired capital stocks, and how the adjustment of one 
of the stocks affects the rate at which the other stock is 
accumulated. 

The determinants of the factor demands are analysed in 
Chapter 6. In particular, the econometric results relating 
to the effects of changes in the input prices of physical 
capital, R&D capital, and labour on the structure of produc- 
tion are determined. In addition, we investigate the role of 
output production in determining the demands for physical 
and R&D capital and labour requirements. Indeed, the demand 
for R&D capital is responsive to changes in its own factor 
price and changes in output as well as to changes in the in- 
put prices of the other factors of production. Because of 
our special interest in the demand for R&D capital and the 
level of R&D expenditures, we calculate the effect of chang- 
ing factor prices and output on current industrial R&D ex- 
penditures in Canada. 

The tax-incentive effects are detailed in Chapter 7. Be- 
cause changes in tax policy affect the unit cost of the 
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factors of production, and thereby the factor prices, we 
build on the role of these prices as determinants of the 
Structure of production in order to determine the efficacy 

of tax policy. The effects of the physical and R&D invest- 
ment tax credits and the incremental R&D investment allow- 
ance on factor demands and industrial R&D expenditures are 
analysed. We also calculate the costs to the government, in 
terms of lost tax revenue, of each of the policy initiatives, 
in order to find the additional R&D expenditures per dollar 
cost of the three policy instruments. 

The financing issue is addressed in Chapter 8. Two fea- 
tures are discussed. The first relates to the financing 
composition used in the accumulation of physical and R&D 
capital. Second, the effect that changes in the corporate 
bond interest rate exert on the structure of production and 
industrial R&D expenditures is analysed. In Chapter 9 we 
provide a summary of the conclusions resulting from this 
study. 


2 


Research and development capital 


The purposes of this chapter are to discuss the manner in 
which product and process development activities are in- 
tegrated into the general set of production decisions and 
the measurement problems that arise in this context. With 
respect to the measurement problems we discuss the current 
Statistical summaries pertaining to research and development 
expenditures and consider how they can be transformed in 
order to be incorporated into an analysis of production 
activities. 


THE PRODUCTION PROCESS 


The starting-point of the discussion is the production proc- 
ess of a firm. In general, an array of outputs are related 
to a group of inputs. Some of the products are the outcomes 
of activities designed to develop new products or processes. 
Moreover, many of the inputs are the factors involved in the 
"idea generation’ process. In fact what is usually observed 
is that product and process development is embedded in the 
general production structure of a firm. 

It is important to realize that the efficiency of knowl- 
edge production activities depends on their relationship to 
other areas of the firm. On many occasions ideas have emerged 
that have not been utilized because their importance was not 
understood by the marketing and manufacturing departments. 
There are also instances where scientists and engineers have 
been unable to develop products or processes that could be- 
come operational. 

Many different inputs are used in the creation of new 
products and processes. Generally, these inputs are scien- 
tists, engineers, technicians, laboratories, related equip- 
ment, and materials. The different factors of production are 
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usually combined in a single category called knowledge capi- 
tal or R&D capital (see Griliches 1979).? 

There are a number of features associated with the utili- 
zation and accumulation of R&D capital. First, the decrease 
in current production costs or the development of new prod- 
ucts accompanying the increased utilization of the R&D 
capital input is the outcome of past R&D expenditures. The 
reason is that there are lags involved in R&D activities. A 
particular R&D project may take some years to complete. Once 
completed (and successful), the new product or process may 
not be introduced or-implemented immediately. Moreover, 
process R&D activities may only be introduced gradually, 
thereby affecting only certain aspects of the firm's pro- 
duction cost structure. New products may only be introduced 
into specific locations that the corporation serves and not 
at once to all customers. The existence of the lags related 
to R&D activities implies that there is an adjustment pro- 
cess associated with production cost reductions and product 
variety expansions that can extend over several years. 

Nadiri and Bitros (1980) found for firms operating in 
various U.S. industries that there is a significant adjust- 
ment process. Indeed, it may take from three to five years 
for firms to adjust their stock of R&D capital to the de- 
‘sired level. The adjustment period for R&D capital may even 
exceed the period for physical capital.” 

Next, decreases in the cost of production brought about 
by the use of R&D capital lead firms to expand their output 
and alter the proportions of physical capital and labour 
utilized in the production process.* In the empirical 
literature on R&D capital accumulation the emphasis has 
traditionally centred around the output expansion effects. 
Griliches (1973) found for U.S. manufacturing industries an 
average R&D elasticity of output of .0.1. At the firm. level; 
Griliches (1980) obtained a similar magnitude, although it 
was observed that for the firms whose outputs were relative- 
ly less R&D intensive the elasticity was 0.05. This set of 


1 The R&D capital input arises from the services of the R&D 
capital stock. The latter is the result of the accumula- 
tion of past R&D investment expenditures. 

2 The physical capital stock consists of all equipment, 
structures, and land not used in R&D activities. 

3 Intermediate inputs may also be included in this list. 
They are non-capital factors of production, such as 
materials, purchased from other firms. 
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results is consistent with those found by Mansfield (1968) 
for the U.S. chemical and petroleum products industry (0.12) 
and by Minasian (1969) for chemicals (0.11). 

Recently, interest has moved to the factor substitution 
possibilities associated with the increase in the demand for 
R&D capital. Specifically, the issues centre on the degree 
to which R&D capital is used as a substitute or complement 
for labour requirements and physical capital utilization. 
Clearly, this is an important area of investigation for many 
groups in society, including the government. Bernstein and 
Nadiri (1984), dealing with four U.S. industries, have found 
that physical and R&D capital tend to be complementary fac- 
tors, while each capital input is a substitute for labour. 

One way to measure substitution possibilities is to in- 
Veseigatce theimanner intwhich =the factors: of \production Tre- 
spond toschanges in input prices. For example, the Bernstein— 
Nadiri result on the complementarity of the capital inputs 
implies that an increase in the factor price of physical 
capital leads to a decrease in the demand for R&D capital. 
Besides substitution possibilities, it is also possible to 
measure the effect of a change in a particular factor price 
on the demand for that specific input. For example, it is 
possible to estimate the effect of a change in the price of 
‘the R&D capital input on the demand for R&D capital. 

Important policy conclusions could be drawn from the 
factor-price estimates. For example, tax credits and allow- 
ances on R&D expenditures serve to decrease the unit cost of 
these expenditures. By implication, the ‘effective' price 
paid by firms for the use of R&D capital decreases. Thus tax 
policy changes operate through factor-price influences. Es- 
timates of these influences are a necessary prerequisite to 
determining the effectiveness of government tax policy. In- 
deed, estimates of how changes in the input price of R&D 
capital affect the demand for R&D and physical capital and 
labour requirements would permit the analysis of the influ- 
ence of R&D investment credits and allowances on the struc- 
ture of production. We do not have, as yet, any such esti- 
mates for Canada, although Bernstein and Nadiri (1984) found 
that a 1 per cent increase in the factor price of R&D capi- 
tal generated a 0.5 per cent decrease in the long-run demand 
Torythis: factor. 


MEASUREMENT OF R&D CAPITAL 


There are two basic problems relating to the measurement of 
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R&D capital. The first pertains to the components of the 
input called R&D capital, and the second refers to its con- 
Strucrion. 

The components of R&D capital are derived from data on 
R&D expenditures, specifically data on scientific research 
and experimental development. These expenditures consist of 
the wages and salaries of scientists and engineers and the 
cost of laboratories and related equipment. R&D expenditures 
are generally classified into current and capital. Current 
expenditures are related to materials and wages and sala- 
ries. They comprise about 85 per cent of R&D expenditures. 
Capital expenditures relate to laboratories and equipment. 
Table 2.1 gives the breakdown of industrial R&D expenditures 
into current and capital. 

R&D expenditures in Canada from 1971 to 1981 are pre- 
sented in Table 2.2. Over the decade the expenditures in 
current dollars increased by about 223 per cent, while in 
1971 dollars the increase was over 31 per cent. Notice that 
GERD (Gross Domestic Expenditure on R&D) in 1971 dollars did 
not increase monotonically over the decade. From 1971 to 
1976, there was a slight decrease of about 1.5 per cent and 
then from 1976 to 1981 GERD in 1971 dollars increased by 
about 33 per cent. A pronounced decline in the proportion of 
GERD to GDP (Gross Domestic Product), or the average propen- 
Sity to spend on R&D, is evident. The average propensity 
fell. from’a high in 1971 sof 1.36 to a low in 1976 ofsl 06. 
This amounted to a 22 per cent decrease. The average propen- 
sity began to increase in the last half of the decade, so 
that the decline over the whole decade was about 6 per cent. 

The regional distribution of GERD is presented in Table 
2.3. The distribution has been relatively stable. During the 
late 1970s Ontario accounted for half of all Canadian R&D 
expenditures, followed by Quebec and the Western provinces 
with 22 per cent each, and lastly the Atlantic provinces 
with 6 per cent. Within each region, over the late 1970s, 
there were some interesting variations in GERD as a percent- 
age of Gross Provincial Expenditure (GPE). The Atlantic 
provinces showed a steady increase between 1977 and 1979. 
The percentage fell by 12 basis points in 1980, and then 
levelled off in 1981. Quebec exhibited a monotonically in- 
creasing percentage of GERD out of GPE. The situation for 
the Western provinces was similar, although there was a 
decrease in 1979, Ontario also had an increasing percentage 
over the last half of the 1970s. It was the region with the 
highest average. Moreover, in 1980 there was an increase of 
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TABLE 2.1 
Industrial R&D expenditures in current and constant dollars 
Current dollars Constant 1971 dollars 
($000 ,000) ($000 , 000) 
Year Current Capital Total Current Capital Total 
1971 401 63 464 401 63 464 
1972 413 46 459 394 44 438 
1973 460 42 503 401 37 438 
1974 536 V7 613 406 58 464 
1975 631 69 700 431 47 478 
1976 687 69 yhsye) 429 43 471 
SM 786 70 857 458 4l 499 
1978 887 120 i007, 486 66 552 
1979 1 OYe/. 192 1,269 935 95 630 
1980 1.850 214 Leo 606 96 702 
1981 170 274 2,004 704 12 816 


SOURCE: Statistics Canada, Standard Industrial R&D Tables 
1963-1983, Cat. Pub. SS83-3 


13 basis points. Ontario has consistently been the major 
region in terms of both total R&D and average propensity. 

The sectoral breakdown of R&D expenditures is presented 
in Table 2.4. We can observe that although the R&D expendi- 
tures of all sectors increased, those of the business sector 
grew most rapidly. The latter's share increased from 35 per 
cent in 1971 to 47 per cent in 1981. Business R&D expendi- 
tures can be disaggregated into mines and wells, manufactur- 
ing, and services. These figures are given in Table 2.5. 
Manufacturing represents the major proportion of industrial 
R&D, with 80 per cent in 1975 and 78 per cent in 1981. Mines 
and wells accounted for 7 per cent in 1975, but the propor- 
tion grew to 10 per cent in 1981. By 1981 mines and wells 
exhibited about the same percentage of industrial R&D as 
services. However, in 1975 services accounted for almost 
double the proportion of mines and wells. 

The second measurement problem centres on the conversion 
of R&D expenditures into the R&D capital input. This factor 
of production could be constructed from data on the services 
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TABLE. 222 
Canadian R&D expenditures 

GERD Implicit GERD GDP 

current price 1971 current GERD 
Year ($000 ,O000 index* 000 ,O00 000,000) GDP 
1971 Iy31s 100.0 dhe Sid BS: 96,961 1236 
1972 1,349 105.0 [AP Ass 108,780 124 
1973 1,448 114.6 1,299 128,164 Seas 
1974 1,694 1o2e1 13262 poh SAG | 
1975 1,910 146.3 1,306 170,681 Itz 
1976 2,079 16022 1,298 195.794 1.06 
1977 25.526 ile 1356 215,066 1.08 
1978 2,629 182.4 1,441 238,405 en 8. 
1979 2,988 AGES! 1,484 265% OZ Valz 
1980 Sipe 7! 22201 P5884 291,885 Poot 


1981 4,244 246.3 Ea 7s. 331;,338 P28 


*Relates to GNP. 
SOURCE: Statistics Canada, R&D Expenditures in Canada 1963- 
1983, Cat. Pub. 'S583—5 


of the elements comprising R&D capital (such as scientists, 
engineers, and laboratories) and the rental rates for these 
services. If these data were available the knowledge capital 
input would be defined as the services provided by the 
knowledge capital stock. This definition is similar to one 
defining the labour input as the services provided by the 
labour force. 

Little work has been done on the compilation of data from 
lease transactions, and as a consequence an alternative 
method of measurement is used. The approach we use is to 
compute the level of the knowledge capital stock at each 
point in time from data on R&D investment flows. The latter 
constitute the constant dollar R&D expenditures incurred in 
each year. The price index used to convert current dollar 
R&D expenditures into a constant dollar series could be 
constructed from data on the prices of the elements compris- 
ing the R&D expenditures. Using the contemporaneous R&D 
expenditures (the current and capital components) we can 
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TABLE 2.3 
R&D expenditures by region* 
Region 
Year Atlantic uebec Ontario Western Canada 
($000 ,000) 
1977 123 451 1,046 410 2,050 
1978 141 SHS eras ke D642 
1979 182 591 Gy 581 2,689 
1980 161 665 ol 728 SET ey) 
1981 179 Si2 1,934 905 3,864 
(% Canada) 
1977 6 22 St 20 100 
1978 6 jp) 49 22 100 
1979 7 oe 49 22 100 
1980 5 Dhak oy 23 100 
1981 5 Past 50 23 100 
(% GPE) 
1977 0.99 0.89 iN als 0.61 0.96 
1978 12 0.92 6 0.68 0.99 
1979 Laks 0.95 1.29 0.65 0.99 
1980 1.00 0.96 eA Ose) 1.06 
1981 0.96 Bros 1.49 0.78 Leal? 


*Pertains to Natural Sciences and Engineering. 
SOURCE: Statistics Canada, R&D Expenditures in Canada 1963- 
1983, Cat. Pub. SS83-5 


convert these expenditures to a constant dollar figure and 
then add the undepreciated portion of the existing stock of 
R&D capital. This procedure yields the current stock of R&D 
Capital. 


4 R&D capital depreciates because its components consist of 
equipment, laboratories, materials, and the human capital 
associated with scientists and engineers. The deprecia-— 
tion relates to the physical use of the R&D capital; it 
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TABLE 2.4 
R&D expenditures by sector 
Sector 1971 1976 1981 
Government 
$000 , O00 407 647 L074 
~aLota |: Sl 31 25 
Business 
$000 ,000 464 755 25004 
% total ~ 5D 36 47 
Education 
$000 , 000 - 436 664 1,138 
AnLoOtal 33 a2 ZL 
Other 
$000 , 000 8 bs Sa 
A total 1 1 l 
Total 
$000 , 000 P35 | 25009 4,244 


SOURCE: Statistics Canada, R&D Expenditures in Canada 1963- 
1983, Cat. Pub. SS83-5 


PRB 2.0 . 
R&D expenditures by industry 
Industry 1975 1978 1981 
Mines and wells 
$000 ,000 47 56 205 
% total 7 6 10 
Manufacturing 
$000 , 000 561 791 1,556 
AALOGa! 80 79 78 
Services 
$000 , O00 92 160 243 
Ancona! 1; ite. 2 
Total 
000 , 000 700 O07 2,004 


SOURCE: Statistics Canada, Standard Industrial R&D Tables, 
1963-1983, Cat. Pub. SS83-3 


does not pertain to the production of better products or 
processes (i.e., not to the evaporation of ideas). Also 
notice that all expenditures are capitalized and form 
part of the R&D capital stock. Thus we ignore the ac- 
counting artefact of current and capital expenditures. 
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An important difficulty in computing R&D capital centres 
on the spillovers associated with knowledge capital accumu- 
lation. Knowledge capital for any single firm does not 
depend solely on its R&D investment but also on the invest- 
ment of other firms (which may or may not be in the same 
industry). The construction of an appropriate knowledge 
capital input must take into consideration the interaction 
between R&D investment levels of individual firms.° The 
problem, of course, is that firm interaction arising from 
R&D investment spillovers can extend over many industries 
and even countries. The analysis of production and invest- 
ment decisions becomes quite complex because the technolog- 
ical linkages, as represented by the spillovers, must be in- 
cluded in the investigation. Thus spillover parameters must 
be estimated simultaneously with the whole host of price and 
quantity effects. The ability to undertake an exercise which 
involves potentially a large number of parameters may be 
severely hampered by the lack of data. For example, if there 
are 10 industries in a sample, then there would be 10 spill- 
over parameters to estimate for each industry. These along 
with the other production-related parameters would generally 
exceed the number of observations. Because of the degree-of- 
freedom problem that arises, since spillovers cause the 
number of parameters to exceed the number of observations, 
assumptions must be made regarding the nature of the spill- 
Overs Links. 

At this time we are only in the initial stages of deter- 
mining empirically the array of R&D investment spillovers. 
Indeed, we have not even investigated most of the theoret- 
ical implications of the existence of these externalities. 
For example, firms operating in the same industry produce 
related products with similar technologies. Clearly, the R&D 
investments of these firms are mutually useful and can spill 
over. Estimates of the spillovers provide the intra-industry 
externality links. Although we are confronted with the 
degree-of-freedom problem, in this context, a solution would 
be to pool the firm data, thereby increasing the number of 
observations. Empirical work has only begun to investigate 
the extent and effects of intra- and inter-industry R&D 
spillovers on the structure of production and the incentive 
to conduct R&D investment. 


5 Spillovers refer to the phenomenon that a firm engaged in 
R&D activities may not be able to exclude others from free- 
ly obtaining the benefits of the R&D projects undertaken. 
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Tax policy and R&D expenditures 


In major countries undertaking R&D investment, tax policy is 
an instrument used to stimulate such activity. However, it 
is difficult to find any assessment of their impact in af- 
fecting the structure of production and R&D expenditures. 

It is quite remarkable that there is very little direct 
quantitative evidence of the effect of various taxes and in- 
centives on the demand for R&D capital (this point is not 
just endemic to Canada; see Collins 1982). The first purpose 
of this chapter is to detail the types of tax incentives 
that are relevant to R&D and the extent to which they have 
been utilized. The second purpose is to discuss how tax in- 
centives have affected capital accumulation in general. 


R&D TAX INCENTIVES 


Over the years tax incentives relating to R&D investment 
have been altered by the federal government. Table 3.1 
provides a brief description of the policy changes. We can 
observe from this table that the relevant tax incentives 
from 1975 were: 

1 Current and capital R&D expenditures can be deducted in 
the year they are incurred or in any year thereafter. 

2 Current and capital R&D expenditures in the current year 
are eligible for a tax credit. The tax credit rate is 25 
per cent for companies eligible for the small-business 
corporate income tax rate, 20 per cent for corporations 
operating in the Gaspé area of Quebec and the Atlantic 
provinces, and 10 per cent for all other corporations. 
Deductible R&D expenditures are reduced by the amount of 
the credit. This credit is deductible in full against the 
first $15,000 of federal tax otherwise payable and in an 
amount up to 50 per cent of the remaining federal tax 
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otherwise payable. Unused credits can be carried forward 

for up to five years. 

3. Current and capital R&D expenditures in the current year 
in excess of the average of the three preceding years are 
eligible for a 50 per cent tax allowance. Deductible R&D 
expenditures are reduced by the amount of the allowance. 
The cost to the government of these three types of tax 

incentives 1S given in) lable.3.2. The total of $205 million 

represents about 10 per cent of industrial R&D performed in 

1982. The federal government provides about 85 per cent of 

the total support. The provincial governments share in the 

cost of the 100 per cent deduction and the 50 per cent in- 
cremental allowance, but this cost is offset by the tax 
credit they receive from the federal government. This offset 
occurs because the federal credit reduces the base for the 
purpose of calculating the 100 per cent deduction for pro- 
vincial income taxes, which, in turn, increases both taxable 
income and provincial tax revenues. 

Tax policy enables the private sector to take advantage 
of credits and allowances without having to enter into an 
interactive transaction with the government. The only con- 
straint is that the tax authority must accept the expendi- 
ture as R&D. There is, however, some ambiguity as to what 
‘constitutes R&D, within the context of the current defini- 
tion in. the Income Tax Act. The difficulty arises, in part, 
because of the inevitable vagueness of any general, all en- 
compassing definition. In addition, tax authorities may not 
have the necessary technical and scientific expertise to 
determine whether an activity properly qualified for the 
incentives. This shortcoming can be overcome by the use of 
properly trained individuals in the areas that are under 
contention. 

To the extent that the tax authority's definition 
of R&D is vague, resources will be expended to convince the 
authority that particular expenditures should be subject to 
the appropriate credits and allowances. Hence the resource- 
Saving resulting from the administrative ease of the tax 
policy is partly offset by the resource-use involved in 
having certain expenditures classified as R&D. For example, 
an expenditure must be ‘wholly attributable’ to scientific 
research and experimental development in order for it to 
qualify as a deduction for income tax purposes. The ‘wholly 
attributable’ characteristic biases the nature of the R&D 
performed, because unconventional applications of resources 
to R&D, although potentially profitable, may not be under- 
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TABLE 3.1 

Brief history of Canadian R&D tax policy 

Pre-1961 - Current expenditures on R&D were made wholly 
deductible in the year in which they occurred. 

- One-third of the capital expenditures on R&D 
during the year and the two preceding years were 
deductible in the current year. 

- The total deduction for R&D was not to exceed 5 
per cent of the previous year's taxable income 
unless the expenditures were approved by the 
Department of National Revenue. 


1961 - Capital expenditures were made fully deductible 
in the year incurred or any year thereafter. 


1962 —- Requirement for approval by authorities of ex- 
penditures in excess of 5 per cent of previous 
year's taxable income was eliminated. 

- 50 per cent of an increase in R&D expenditures 
(current or capital) over the base, defined as 
expenditures in 1961, was deductible from tax- 
able income. | 


1967 - The 50 per cent deduction for all R&D expendi- 
tures in excess of the 1961 base was replaced by 
grants under the Industrial Research and 
Development Incentives Act (IRDIA). This act 
provided a cash grant of 25 per cent of capitar 
expenditures and 25 per cent of current expendi- 
tures in excess of the average expenditures made 
during the base period. The latter period was 
defined as the five years preceding the grant 
year. The 25 per cent cash grant was non-taxable. 


1975 - The deferral privilege for capital R&D expendi- 
tures was extended to current expenditures. Now 
both current and capital R&D expenditures could 
be written off in the year they were incurred or 
any year thereafter. 


1976 - IRDIA repealed. 


1977 —- R&D investment tax credit introduced. The 
credits ranged from 5 to 10 per cent depending 
on the region. The credits were based on R&D ex- 
penditures. The 10 per cent credit was granted 
for the Atlantic provinces and the Gaspé area of 
Quebec. 
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1978 ~ R&D investment tax credits were doubled and a 
credit of 25 per cent for small businesses was 
introduced. 

- An additional tax allowance of 50 per cent of 
total R&D expenditures in excess over the 


previous three years was introduced. 


TAbUE eo. 2 
Government cost of R&D investment tax incentives for 1982 


Cost_($000,000) 


Federal Provincial 
Incentive government government TOtaE 
Deduction of 100 per cent 
of R&D expenditures 60 20 80 
Tax credit 80 -15 65 
50 per cent incremental 
allowance 45 15 60 
Combined 185 20 205 


SOURCE: Research and Development, Tax Policies, Department 
of sfinance, «April 1983, op. 5 


taken by corporations. The tax authority may not consider 
them 'wholly attributable' to R&D. 

The effectiveness of R&D tax incentives depends on 
whether or not a firm has any taxable income. A firm without 
taxable income will not benefit from the immediate write-off 
provision, the tax credit and allowance. A firm with taxable 
income, but not of sufficient magnitude to use all the de- 
ductions, credits, and allowances, faces a number of possi- 
bilities, First, if R&D expenditures msut be expensed in the 
Current year and there are no provisions for transferring 
unused deductions, credit, and allowances, the firm will not 
benefit completely from the tax policy. Second, if current 
or capital expenditures can be deducted from taxable income 
at any time in the future, if capital expenditures must be 
amortized, if there are carry-—back or carry-forward provi- 
sions, if unused deductions, credits, and allowances can be 
transferred, then tax policy benefits are enhanced. 

These features differ by the flexibility they allow the 
R&D investor, and therefore each has distinctive allocative 
effects. For example, a firm which cannot use all of its 
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credits, in the absence of transferability, or carry-over 
provisions will not be able to take full advantage of the 
tax incentives (i.e., to enhance its cash flow position). 
The credits are not accepted as collateral in the financial 
capital markets. Table 3.3 provides information on the uti- 
lization of the tax incentives in 1980. First, we can ob- 
serve that 31 per cent of R&D expenditures was incurred by 
firms who did not have sufficient taxable income to utilize 
the available benefits fully. In particular, they could not 
use any of the R&D investment tax credit. Second, 38 per 
cent of R&D was undertaken by firms who could not use all of 
their tax credits. Therefore, nearly 70 per cent of all R&D 
performers could not use all of their benefits. 

The utilization of tax benefits varies across firms. 
Table 3.4 provides information on the distribution of firms 
by asset size and the degree to which tax incentives were 
not utilized in 1980. A number of implications emerge. 
First, most of the smaller firms are in the non-taxable 
category and consequently do not make any use of the tax in- 
centives. Second, mid-size companies, although one-third of 
them are non-taxable, use most of their tax incentives. Tax 
incentives are most fully utilized in the $10-$49 million 
range. The problem is that this class accounts for only 10 
per cent of industrial R&D. Third, the largest companies ac- 
count for over 70 per cent of R&D, and only one-fifth of 
these fall into the non-taxable category, yet 60 per cent of 
their tax incentives are not utilized. The problem arises 
over the R&D investment tax credit, since only $15,000 could 
be claimed without limit, and thereafter in an amount up to 
50 per cent of the federal income tax otherwise payable. 
Consequently, the larger firms hit the dollar constraint. 


THE POST-TAX COST OF R&D EXPENDITURES 


It is instructive to see how the three tax incentives affect 
the cost of R&D expenditures. The three incentives are the 
immediate deductibility, the credit, and the incremental al- 
lowance. First, suppose that an expenditure of $1 on R&D is 
incurred. This expenditure can be deducted from taxable in- 
come in the year it is made. Assuming there is taxable in- 
come and with a, corporate tax rate u,, the tax reduction is 


$uc and the post-tax cost of the $1 of R&D expenditure is 
$(1l-u,.). Hence, for example, with a corporate income tax 


rate of 0.46 the post-tax cost is $0.54 and the tax reduc- 
tion) 1s, $0746; 
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TABLE 3.3 
Corporate tax status and R&D in 1980 
Per cent 
of R&D 
Taxable companies 
No limits on tax credit Si 
Dimrtseonrcax credit 38 
Total 69 
Non-taxable companies 
Profitable 19 
Non-profitable 12 
Total oA) 


SOURCE: Research and Development, Tax Policies, Department 
Of minances April 1963, Pp. 115 


TABLE 3.4 

Company utilization of tax incentives in 1980 

Size of Per cent of R&D Per cent of Percent of 
Assets by non-taxable unutilized R&D 

000 ,O00 firms incentives erformed 

Gh 91 22 El 
Nas 48 13 8 

10-49 32 | 5 10 

>50 20 _60 STB 

Total 31 100 100 


SOURCE: Research and Development, Tax Policies, Department 
of Finance, April 1983,. p. 16 


The effect of the immediate deductibility provision can 
be discerned by comparing the provision to one where only 
part of the R&D expenditures can be written-off against tax- 
able income in the current year. Consider the $1 of R&D ex- 
penditure. Assume that the expenditure must be capitalized 
and depreciated at an annual rate of 30 per cent and the 
future depreciation deductions are discounted at 15 per 
cent. Thus the present value of the depreciation deductions 
is $0.67.* The tax reduction is $0.67uc and the post-tax 


1 The present value of depreciation deductions on $1 of R&D 
expenditures is calculated as 
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cost of the $1 of R&D expenditure is $(1-0.67u,). If uc = 


0.46 and there is taxable income, then the post-tax cost is 
$0.69 and the tax reduction is $0.31. The tax reduction is 
33 per cent smaller than under the tax regime in which the 
$1 of R&D expenditures can be immediately deducted against 
taxable income. 

Next consider the tax credit on R&D expenditures. Suppose 
the credit rate is v. The tax reduction on $1 of R&D expend- 
itures is $(u,<(l-v) + v). One element in this expression is 


$uc, which reflects the $1 of R&D expenditures. $u;v is the 


amount by which the tax credit reduces the R&D expenditures 
that can be immediately deducted from taxable income. Hence 
$uc(l-v) is the tax reduction from the deductibility provi- 


sion. This must be added to the tax credit of $v to yield 
the total tax reduction of $(uc(1-v) + v). The post-tax 


cost of the $1 is $[1 — Cu-(l-v) + v) i, if ue. =:0,46, y= 


O.1, then the tax reduction is $0.51 with about $0.065 
attributable to the credit, and the post-tax cost of the $1 
is $0.49. Notice the tax reduction is now greater than the 
post-tax cost of the R&D expenditure. The latter is less 
than half the pre-tax cost, which is $l. 

Third, consider the incremental allowance.” Suppose the 
excess of current R&D expenditures over the previous three 
years is $1. This means that with an allowance rate of y, 
current taxes will be reduced by $ucy. However, the $1 


increase in R&D expenditures has the effect of decreasing 

the incremental allowance for the next three years by 

$0.33 in each of the three years. With a discount rate of 

15 per cent and assuming the income tax and incremental al- 
lowance rates are constant, the present value of the decrease 


WH CO ER ye a oye SY GEA ORR COS OYA alone: 
+h ( 1-07392 (053 CLAS ae 


= S1(O0.3)/4 151/07 lel Dla saa 
2 A credit on R&D expenditures reduces tax payments by some 
fraction v of the R&D expenditures. An allowance on R&D 
expenditures increases the deduction from taxable income 
by some y of the R&D expenditure, and thereby the tax 
payments decline by ucy of the R&D expenditures. 
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in the incremental allowance over the next three years is 
$0.76 ucy. Thus the net tax reduction from the $1 increase 


in R&D expenditures is $(uc+0.24u;y) and the post-tax cost 
is $(1 - (uct0.24u,;y)). The tax reduction includes the 
immediate deduction of $uc and the incremental allowance 
$0.24u-y. If uc = 0.46 and y = 0.5 then the tax reduction 


is $0.52, with about $0.06 attributable to the incremental 
allowance, and the post-tax cost of the additional $1 of R&D 
expenditures is $0.48. Using the figures for the income tax, 
tax credit, and incremental allowance rates and combining 
all three incentives, the tax reduction is $0.57 and the 
post-tax cost is $0.43 on $1 of R&D expenditures. 

In Table 3.5 we present the post-tax cost of $1 of R&D 
expenditures for the three possible tax credit rates of 
0.10, 0.20, and 0.25 and the three income tax rates of 0.46, 
0.40, and 0.25. Column 1 in the table relates to a discount 
rate of 15 per cent and column 2 to a 5 per cent discount 
rate. Clearly, a decrease in the discount rate increases the 
post-tax cost of $1 of R&D expenditures. This effect oper- 
ates through the incremental allowance. The decrease in the 
discount rate means that the future decline in the incremen- 
tal allowance over the following three years, due to the $1 
of R&D expenditures in the present period, becomes larger. 
Thus the positive effect or the tax reduction in the current 
period due to the incremental allowance is offset by a 
larger negative effect or larger tax payment over the next 
three years. | 

The first two columns of Table 3.5 were calculated using 
the incentives operating in the pre April 1983 budget. This 
table was developed under the assumptions that there was 
sufficient taxable income to utilize all three incentives 
and that the level of R&D expenditures was such that all of 
the credit and the incremental allowance could be claimed. 
To the extent that these assumptions are not applicable, the 
post-tax cost of the $1 of R&D expenditures would be greater 
than that reported in the table. 

The post-tax cost of $1 of R&D expenditures defines the 
effect of the tax incentives on the unit cost of undertaking 
R&D investment. However, the critical element in understanding 
the resource allocation implications of these tax incentives 
is the effect that the post-tax unit cost of R&D expenditures 
exerts on the demand for R&D capital. Once this link has 
been determined, the effect of alternative tax incentives on 


24 Research and development 


TABLE: 3:55 

Post-tax cost of $1 of R&D expenditures 
Pre April 1983 Post April 1983 
budget budget 

Company ] 2 s 


1. Large, non—-manufac-— 

turing, non—Atlantic 

region $0.431 $0.465 $0,431 
2. Large, non-manufac-— 

turing, Atlantic 

region SOS (aes ee aL SOnS 7S 
3. Large, manufactur- 

ing, non—-Atlantic 

region $0.492. 505522 $0.480 
4, Large, manufactur- 

ing wAtlantic region) $0,432 9.$0,402 $0.420 
5. Small, any type, any 


region $0.533  $0.551  $0.488 
NOTES 


Row “T,7Goll ‘and 22 eg) = 0.46.90 = .0cd0, r= 0s0- how, 
Cols J2aune=0.40,.0V) = Os 20 tas =e .U 
Rowe, (COM Wands 2/9 te = O.40, van. 20). 
Col. 32h ue = .0.40 8, vee 0.30; yaat0.6 
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Row 3, Col.) land 2s su-3=0.40;, = OSLO Sty sO coO a Rowse, 
Coley 320s =0. 40; vi =10 620, sy =. 0.0 
Row 4, Col, L-and)Z: uce;= 0.40, v = 0.20, ¥=70.50) Rowse. 
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Column 1 is calculated using a discount rate of 15 per cent 
and column 2 is calculated using a discount rate of 5 per 
cent. The formula for each row is $1 - $[u-(l-v) + v + 


O.50* Rows, 


WucY], where vy = 0.24 when the discount rate is 15 per cent 


and uw = 0.09 when the discount rate is 5 per cent. 


R&D expenditures can be discerned. Indeed, it is exactly in 
this way that this study differs from all others relating to 
tax incentives and R&D investment. We not only determine the 
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effect of the tax incentives on the post-tax unit cost of 
R&D investment, but we estimate the effect of this cost on 
the demand for R&D capital and the level of R&D expenditures. 
This estimate in turn permits us to determine the influence 
of the tax incentives. 

Government policy on R&D investment has been changed in 
recent years with the adoption of a new set of tax incen- 
tives (see Department of Finance 1983). First, the tax 
allowance based on incremental R&D expenditures was elimin- 
ated. Second, with respect to the tax credit, the rates 
were increased to 35 per cent for companies eligible for the 
small-business corporate income tax rate, 30 per cent for 
companies operating in the Gaspé and Atlantic provinces, and 
20 per cent for all other companies. In addition, the limit- 
ation on the extent to which the tax credit may be applied 
against federal taxes payable was removed, a three-year 
carry—back period was introduced, and the carry-forward 
period was increased to seven years. 

In column 3 of Table 3.5, we present the post-tax cost of 
$1 of R&D expenditures. Clearly, when the discount rate is 
15 per cent the post-tax costs under the two regimes are 
quite similar, because as the discount rate rises the net 
present value of the tax reduction from the incremental 
allowance increases and therefore the post-tax cost of R&D 
expenditures declines. The elimination of the incremental 
allowance is then just offset by the higher tax credit rate 
in the new regime (compare columns 1 and 3). When the dis- 
count rate is relatively low, the effect of the incremental 
allowance on the post-tax cost of R&D expenditures is rela- 
tively small. Hence the effect of the elimination of the in- 
cremental allowance is more than offset by the increase in the 
tax credit rate in the new regime (compare columns 1 and 3). 

The post-tax cost of R&D expenditures computed in Table 
3.5 is based on the assumption that all deductions, credits, 
and allowances could be fully utilized. However, because 
firms had inadequate taxable income or because of the level 
of their R&D expenditures not all of the tax incentives 
could be completely used (see Table 3.3). In recognition of 
the utilization problem the federal government introduced 
the scientific research tax credit (SRTC).* The SRTC provides 


3 Another provision in the budget reflects the fact that 
under present tax policies the R&D investment tax credit 
does not provide an incentive to undertake knowledge in- 
vestment if the firm has no tax liability against which 
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for a tax credit equal to 50 per cent of the value of debt 
or equity issued for the SRTC after September 1983.* The 
credit belongs to the first purchaser of the debt or equity 
(whether in the form of shares or royalty rights). The value 
of the equity or debt must equal the value of the SRTC. Cor- 
porations using the SRTIC are liable for a tax equal to the 
amount of the tax credit made available to the debt or 
equity purchasers. The corporations, however, may eliminate 
the tax liability by renouncing the deductions and credits 
on the R&D investment financed through the SRTC mechanism in 
the current or immediately preceding year. For every dollar 
of R&D expenditures for which deductions and credits are 
renounced the tax liability is reduced by $0.50.° 


it can be applied in the current year or the five-year 
carry-forward period. A temporary measure has been pro- 
posed to alleviate this situation. The measure provides 
for a refund of a portion of the R&D investment tax 
credits earned between 19 April 1983 and 30 April 1986. 
The refund, for unincorporated businesses and businesses 
eligible for the small-business corporate income tax 
rate, is equal to 40 per cent of the value of credits 
which cannot be used to offset taxes in the year they are 
earned. For other corporations, the refund will be equal 
to 20 per cent. 

4 If a purchaser of a share, whose funds are used to 
finance R&D investment, is entitled to receive an amount 
from a provincial government in respect of the share 
purchase, the consideration (or value) for which it was 
issued is reduced by this amount. Hence, the federal tax 
credit which is allowable to the share purchaser is re- 
duced by the amount of any provincial credits received 
for the same consideration. 

5 The SRTC is a replacement of two other instruments, the 
R&D limited partnerships (RDLP) and the scientific 
research investment contract (SRIC). The RDLPs were 
partnerships between financial investors and an R&D 
investment-undertaking firm. The deduction and credit 
were transferred pro-rata to the investors from the 
company. A problem with the RDLPs was that the ownership 
of the rights to the R&D investment was also transferred 
to the financial investors. The SRICs were contracts 
between a financial investor and an R&D investment- 
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The SRTC is an incentive to undertake R&D investment. 
This incentive can be used as an alternative to or in con- 
junction with the deductions and credits under the post 
April 1983 budget. A firm will use the mechanism that has 
the smaller post-tax cost associated with each $1 of R&D 
expenditure. If a company raises $1 under the SRTC the tax 
liability of the investor decreases by $0.50 but the tax 
liability of the company increases by $0.50. This liability 
can be eliminated by renouncing the deductions and credits 
that could be claimed on the $1 of R&D expenditures. Thus 
the post-tax cost of $1 of R&D expenditures under the SRTC 
mechanism is $0.50. 

We want to compare the cost under the SRTC with the post- 
tax cost of $1 of R&D expenditures when the deductions and 
credits are used. First consider a company with insufficient 
taxable income to utilize any of the credits. The $1 of R&D 
expenditures then costs the company $(1-u,6), where 6 is the 


proportion of the deduction that can be utilized. Now 6 lies 
between O and 1. If 6 = O, then none of the deduction can be 
used and the post-tax cost of the dollar of R&D expenditures 
is $1, which is greater than under the SRTC. If 6 = 1, then 
all of the deduction can be used and the post-tax cost is 

$(1-u,). Since the maximum corporate income tax rate is less 


than 0.5, then for all firms for which taxable income is not 
sufficient to allow the use of any credits (even if all de- 
ductions are utilized) the SRTC mechanism will be used to 
finance the R&D expenditures. °® 


undertaking company. Under the contract the company per- 
formed the R&D investment as an agent of the investor, 
who paid for the R&D investment. Thus the investor would 
benefit from the deduction, credit, and allowance, since 
the investor would own the rights to the R&D investment. 
Therefore, there was a transfer of rights, as for the 
RDLPs, but not for the SRTCs. In addition, under the 
SRIC, the investor must have been in a business related 
to that of the company performing the R&D investment. 

6 This analysis does not consider the cost of arranging the 
financing under the SRTC mechanism. If this brokerage 
cost is 8 per dollar of R&D expenditures then the firm 
will be indifferent to the SRTC and the immediate deduc- 
tion provision when $0.50+$8 = $(1-u,~8). Thus the 
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Next consider a firm with sufficient taxable income to 
utilize all of its deductions and some proportion of its 
credits. Under the financing mechanism which relates to the 
use of deductions and credits, the post-tax cost of $1 of 
R&D expenditures under the post April 1983 budget is 
(1l-u,)(1-vn), where n is the proportion of the credits that 


are utilized, and n must lie between O and 1. Any company 
will be indifferent between the two financing mechanisms 
when the post-tax cost of R&D expenditures for the two is 
the same. Thus $0.50 = $(1-u,)(l-vn). Given values of the 
corporate income tax and credit rates, the pivotal values of 
1) can be obtained. These are presented in Table 3.6. 

From Table 3.6 we can observe that if a large non- 
manufacturing company operating in any region of Canada ex- 
cept the Atlantic region utilizes more than 37 per cent of 
its R&D investment tax credits, then the company will not 
use the SRTC mechanism. Notice that a small business with 
sufficient; taxable| income.to utilizevall of ats deductions 
must still use 95 per cent of its credits before it ceases 
to use the SRTC financing mechanism. The calculation of the 
pivotal value of the proportion of the R&D investment tax 
credit that is utilized depends on the income tax and tax 
credit rates. Indeed, as the income tax and tax credit rates 
increase the pivotal value decreases, since the post-tax 
cost of $1 of R&D expenditures (using the deductions and 
credits) decreases. Thus by implication, the SRTC financing 


pivotal value of 0 is’ $(0.50-8)/u.. If uc = 0.46, then 


for values of B of $0.05, $0.15, and $0.25, the pivotal 
values of 0 vare\0.9/38, 00/61 wands 0t544 21 f OC itevoneater 
than any of these pivotal values the SRTC mechanism will 
not be used. Notice that there is an inverse relation 
between the brokerage costs and the proportion of the 
deduction that can be utilized, for any corporate income 
tax rate. Also notice that as the corporate income tax 
rate decreases (e.g., from 0.46 to 0.25 for small busi- 
nesses) the brokerage fees can dramatically rise per 
dollar of R&D expenditure before the company attains a 
sufficiently large proportion of the deduction to be able 
to utilize it. Indeed with u, = 0.25 and 8 equated to 


0.978, 0.761, and 0.544 the respective values of 8 are 
0.256, 0.310, and 0.364, which are substantially higher 
than under a corporate income tax rate of uc = 0.46. 
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TABLE 3.6 
Pivotal values of the proportion of R&D investment tax 
Creddcautal aed 

Pivotal value 


Company of n* 
1. Large, non-manufacturing, non-Atlantic 

region; 

uc = 0.46, v = 0.20 0.370 
2. Large, non-manufacturing, Atlantic 

region; 

Uc.= 05466, v= .0.350 0.247 
3. Large, manufacturing, non-Atlantic 

region; 

uc = 0.40, v= 0.20 O2833 
4, Large, manufacturing, Atlantic region; 

uc = 0.40, v = 0.30 0.556 
5. Small, any type, any region; 

ee=" 0925, wvesn0235 0.952 


t=O ole) /VGlcue). 


‘mechanism becomes more expensive when the rate of credit 
utilization is smaller.’ 


ASSESSING TAX INCENTIVES ON INVESTMENT 


In this study our aim is to compute the post-tax cost of a 
dollar of R&D expenditures using the actual rates at which 
deductions, credits, and allowances are utilized and then to 
discern the relationship between this cost and the demand 
for R&D capital and other factors of production. We would 
then be able to evaluate the effects of alternative tax in- 
centives on the post-tax cost of a dollar of R&D expendi- 
tures and, in turn, on the level of R&D expenditures. 


7 The pivotal value of the rate of credit utilization is 
affected by any brokerage fees which must be incurred in 
the use of the SRTC mechanism. There is an inverse rela- 
tion between the pivotal credit utilization rate and the 
brokerage cost of financing $1 of R&D investment. As 
brokerage fees increase, the credit utilization rate at 
which the SRTC mechanism becomes relatively more expen- 
Sive decreases. 
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Moreover, we would like to discern the effects on the demand 
for physical capital and labour requirements. °® 

Since there is no quantitative evidence of the effect of 
tax incentives on the demand for R&D capital, analogies to 
physical capital are often made. There are essentially two 
specific means (through tax policy) by which the government 
influences physical capital investment: tax credits and ac- 
celerated depreciation. The tax credit operates in the same 
manner as the one applicable to R&D investment. In addition, 
expensing all R&D expenditures, irrespective of whether they 
are current or capital, is a form of accelerated deprecia- 
tion —- with a depreciation rate for tax purposes equal to 
unity. However, the depreciation rate for tax purposes on 
plant and equipment capital is less than unity. Thus the 
post-tax cost of $1 devoted to physical investment is 
greater than that of $1 devoted to R&D investment.” 

Studies of the effects of tax incentives on plant and 
equipment investment have found that there is a stimulating 
influence, but estimates differ as to the size and perman— 
ence. Hall and Jorgenson (1967, 1971) estimated for the 
United States that during 1962-70 the tax credit increased 
physical capital investment by about $3 billion (1965 dol- 
lars) per year, and accelerated depreciation caused a $1 
billion (1965 dollars) per year increase. Bischoff (1971), 
in a somewhat different specification of the production 
process than the one employed by Hall and Jorgenson, found 
that the tax credit increased equipment expenditures by 
about $2 billion (1958 dollars) per year in the mid 1960s, 
but accelerated depreciation only generated $0.7 billion 
(1958 dollars) in equipment investment. 

Lastly, Coen (1971), introducing a form of adjustment 
costs, found that both the tax credit and accelerated de- 
preciation had almost no influence on plant and equipment 
expenditures. Thus, as Eisner and Nadiri (1968) have noted, 
the effects of the tax incentives depend on the specifica- 
tion of the technology, the type of physical capital, and 


8 Physical investment pertains to the accumulation of land, 
equipment, and structures which are not related to R&D. 
Physical investment is the major type undertaken by most 
firms. 

9 See the discussion in the first section of this chapter 
pertaining to the deduction of all R&D expenditures as 
opposed to capitalization of some portion of these ex- 
penditures. 
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the nature of the adjustment process. Indeed, in the present 
Study we specify both the technology and adjustment costs in 
terms of flexible functional forms, thereby permitting 
various degrees of factor substitution and speeds of 
adjustment. 

Besides the analogy arguments that may (or may not) be 
made concerning the tax incentives on physical and knowledge 
capital, there is another reason for studying the effects of 
tax policy on physical capital investment. Investment in 
plant and equipment also affects the rate at which new tech- 
nology is introduced, since many kinds of technological ad- 
vances cannot be applied unless they are accompanied by 
physical capital expansion. It may be that in certain cir- 
cumstances physical and knowledge capital are complementary 
factors. In such cases tax policy that stimulates the demand 
for plant and equipment also has an indirect effect on the 
demand for R&D capital. Evidence of this relationship has 
been known since the mid 1960s (see Schmookler 1966). 

It is often not recognized that investment in R&D also 
affects the rate at which plant and equipment expansion 
occurs. If a firm is undertaking knowledge capital growth, 
it may be that more physical capital is needed in the new 
process or to produce the new product. As a consequence tax 
‘incentives that directly influence the rate of knowledge 
investment indirectly affect the plant and equipment growth 
rate. Hence there is a two-way relationship between the in- 
vestment rates for both types of capital. In the present 
Study we estimate the relationship between the capital de- 
mands and thereby measure the complete set of indirect and 
direct effects associated with changes in the tax incen- 
tives. 


4 
The data bank 


The data-gathering process involved a rather detailed and 
complex set of steps. First, we were interested in corporate 
data, in order to obtain disaggregated information on the 
determinants of factor demands and the effectiveness of tax 
incentives. Thus the sample consists of a pooled set of 
cross-section and time-series data. 

The second task was concerned with the selection of the 
corporations for consideration in the study. The criteria 
for selection centred around a number of characteristics. 
The companies had to be private-sector public corporations, 
‘they had to incur their own R&D expenditures in Canada (al- 
though they could be either Canadian-owned or foreign sub- 
sidiaries), they had to sell their products in Canada (they 
could also, of course, export), and finally their sales had 
to be $50 million or greater. 

The legal status and sectoral criteria were chosen be- 
cause financial reports are readily available for public 
corporations so that a complete data set could be developed 
for each corporation. Firms with sales of $50 million or 
more were selected because large firms tend to have more 
data collected on their activities. More important, however, 
because we are pooling time-series and cross-section data, 
and since there is an inadequate span of time-series data to 
permit testing of the manner in which the various firms 
might be combined, we wanted to have some homogeneity across 
firms. Using sales size (in this case $50 million or great- 
er) is a generally acceptable technique (see Nadiri and 
Bitros 1980). However, in the present context the restric-— 
tion on sales size is quite weak because only the lower 
bound is constrained. 

We are concerned with firms operating in Canada. Hence we 
require that any firm in the sample must sell some of its 
output, as well as undertake its R&D projects in Canada. For 
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TABLE 4 o1 
Sample of companies 
1981 R&D 
expenditures 
Compan 000 , O00 Se 
1. Electrohome Limited 3.0 61 
2. Polysar Limited Neds? 26 
3. Sherritt Gordon Mines Limited Bele 42 
4, Aluminum Co. of Canada Ltd. Ala 42 
5. Bombardier Limited Mee 3/3) 
6. Canadian International Paper Co. Tiss a6 
7. Northern Telecom Ltd. 264.0 63 
8. Macmillan Bloedel Ltd. sLrpeegs BS 
9. Inco Limited PEE Is 42 
10. Commco itd’. nea. it 
11. Canada Wire and Cable Ltd. nas 61 
12. Steel Co. of Canada Ltd. 9.9 41 
13. Consolidated—Bathurst Inc. Sz 83 
14. Canada Packers Inc. oul 21 
15. Canadian General Electric Co. Ltd. ZS 61 
16. Imperial Oil Limited D0 24 
17. Union Carbide Canada Limited eds 26 
13. Dur Pont, Ganada: Inc’. TOe 26 
19. Dominion Engineering Works Ltd. Nae Dt 
20,7 Uniroyal -Lid. ea. Jad 
21. International Harvester Co. of Canada fad ay) 
22. Fiberglass Canada Ltd. Dee 7h 
23. General Goods Limited 6.0 Al 
24. Westinghouse Canada Limited Tod 61 
25. Honeywell Limited eZ 62 
20, “REA Utd. Neds 63 
27. Texaco Canada Inc. fade 24 


*n.a. Signifies not available from the survey. 
SOURCE: Financial Post R&D Survey 


our purposes these criteria define as tightly as necessary 
the concept of Canadian operations. It turns out that the 
characteristics of our sample tend to be complementary. 
Large firms are generally public corporations which sell 
their products and undertake R&D in Canada. The list of 
firms, their R&D expenditures in 1981, and their two-digit 
standard industrial classification (SIC) codes are presented 
in Table 4.1. The sample consists of 27 firms for the period 
1975-80. 
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TABLE 4.2 

Percentage of industrial R&D expenditures by top performers 
Year Top 10 TOD. 25 Top 50 Top 100 
1973 35.5.2 S9)e5: 64.0 76.7 
1975 40.0 50.8 64.1 oes 
1977 Ss Oa VIS, Goad. Vis 
1979 Sys: 5326 66.8 OCs 
1981 SO07 5620 69.9 SLs 


SOURCE: Ministry of State for Science and Technology, 
science Notes, Fall 1982, p. / 


TABLE 4.3 
Variables 
No. Name Source* 

il Sales, products Cay 

2 Sales, services Gardel’) 

3. Salaries and wages CG, Giz 

4 Employee benefits C,. Gia 

5 P&E investment tax credit Gea KOO 

6 Net fixed assets Op 

oki. Total depreciation assets Ce kg 

8 Depreciation and amortization expense C,. Gas 

9 Net long-term debt Chess 

10 Intramural R&D current exp. (wages and 

salaries) R, 301-6 

11 Intramural R&D current exp. (other current) R, 307-12 
12 Intramural R&D capital exp. (land) -R, 313-18 
13. Intramural R&D capital exp. (bldg.) R, 319-24 
14 Intramural R&D capital exp. (mach.) R, 325-30 
15 R&D investment tax credit Re Ol =22 
16 Wage index A 

17 Producer price index A 

18 Equity rate of return N 

19 Bond interest rate N 

20 R&D deflator N 

21 P&E deflator A 

22 Statutory corporate income tax rate 0) 

23 Capital cost allowance Cya Eo 

24 Present value of capital cost allowance D 

25 P&E expenditures D 

26 P&E investment D 

27 P&E average age D 


The data bank 35 


TABLE 4.3 (concluded) 

Variables 

No. Name Source* 

28 R&D investment 

29 Output 

30 Average rate of growth of output 

31 R&D capital stock 

32 P&E capital stock 

33 Labour input 

34 R&D tax allowance 

35 P&E rental rate 

36 R&D rental rate D 

*C represents CALURA Databank and the following designation 
shows the position. 

R represents R&D Databank of Statistics Canada and the 
following designation shows the position. 

D represents derived. 

A represents the CANSIM Databank. 

N represents the NBER R&D Databank. 

O represents other. 
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Over the sample period the chosen companies accounted for 
over 50 per cent of industrial R&D expenditures in Canada. 
We have already noted in Table 3.4 the concentration of in- 
dustrial R&D expenditures in firms with sales in excess of 
$50 million, which perform over 70 per cent of industrial 
R&D investment. In Table 4.2 we present the concentration of. 
industrial R&D expenditures by the top performers as a per- 
centage of the total. The top 25 firms accounted for about 
53 per cent of these expenditures over the period 1975-80. 

The variables needed in the model for each firm are the 
quantity and price of labour services, physical capital, and 
R&D capital services, and the quantity of output. In most 
cases these data had to be obtained and derived from various 
sources.? Table 4.3 lists the variables obtained for each 
firm and their source. 


1 We did not use materials as an input. The reason is 
that we did not have sufficient degrees of freedom when 
we eStimated the model with materials as a factor of 
production (see Chapter 5 for discussion of the 
specification and estimation of the model). 
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Finding and deriving the data for each firm was a demand- 
ing task. A number of problems arose. First, the Corpora- 
tions and Labour Unions Returns Act (CALURA) records have 
changed over time; also some gaps appeared in these records 
in the early 1970s. These two problems were solved by defin- 
ing the time series as 1975-80. 

A third problem centred on the fact that R&D expenditure 
data are collected by Statistics Canada on a company basis. 
Thus, although output or sales data may be obtained on an 
establishment basis, data for R&D expenditures cannot. From 
the CALURA records we were able to obtain sales on a company 
basis, which matched the form in which R&D expenditures were 
collected. Clearly, sales aggregation implies that a multi- 
product firm is being treated as a single-product entity. 
If, in fact, the technologies of the various products are 
sufficiently segmented or if their prices change relatively 
by the same proportion then product aggregation is feasible. 
Unfortunately we did not have sufficient time-series data on 
each firm to test if product aggregation was warranted or, 
for that matter, to treat each firm as an entity producing 
two or more products. 

Alternatively, we could have attempted to obtain output 
data on an establishment basis and then assign portions of 
R&D expenditures to each establishment. This approach does 
not seem to be appropriate because it presupposes that parts 
of R&D expenditures can be causally related to the output 
(or outputs) of each establishment, which, in general, can- 
not be done. R&D investment usually relates jointly to the 
outputs of a number of establishments. Moreover, even where 
a specific R&D investment relates to a particular product, 
we did not have the detailed information to establish the 
Pact, 

A fourth problem centred on the fact that a company may 
select certain subsidiaries under which to undertake R&D 
investment, while the parent or some other subsidiary may be 
the major source of sales. In these situations the legal 
enterprises were aggregated into a single economic entity by 
defining both the sales and R&D expenditures (for example) 
as pertaining to a single firm. Thus, if different subsid- 
iaries carried out R&D investment we aggregated the expend- 
itures. With the variables that we consider in this study 
there was no problem with double counting. Specifically, for 
R&D expenditures we consider those for each firm which are 
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intramural.* Any transactions between subsidiaries would 
always be counted once because only the R&D expenditures of 
the performers are added. 

The R&D data tape of Statistics Canada was the source of 
the R&D expenditures, tax credits, and other R&D-related 
variables. Thus, besides the difficulty of developing such a 
large consistent set of data at the firm level, there was 
the task of merging two different data tapes. The two other 
sources of data were: the CANSIM tapes for the two-digit 
wage and producer price indexes; and the National Bureau of 
Economic Research for the equity rate of return, the bond 
interest rate, and the R&D deflator (see Cummins, Hall, and 
Laderman 1982). 

We now describe the manner in which variables 24-36 list- 
ed in Table 4.3 were derived. The formulas used to calculate 
the variables are given in Table 4.4. First, using the aver- 
age equity rate of return and the average capital cost al- 
lowance over the sample, the present value of the capital 
cost allowance (variable 24) was computed. Second, from the 
net fixed assets and depreciation, we arrived at plant and 
equipment (P&E) expenditures (variable 25). P&E investment 
(variable 26) was obtained by dividing variable 25 by the 
price index of P&E expenditures. The average age of P&E 
‘investment (variable 27, which is the inverse of the average 
depreciation rate) was derived by finding the average dif- 
ference between the gross and net fixed assets per dollar of 
depreciation. Next R&D investment (variable 28) is the sum 
of intramural expenditures divided by the price index. Out- 
put (variable 29) is total sales divided by the producer 
price index.* With an assumed depreciation rate of 10 per 


2 Intramural R&D expenditures of a firm are those relating 
to the payment of scientist and engineer employees and 
the purchase of equipment, structures, and land (devoted 
to R&D investment) by the firm itself. 

3 We could have obtained extramural R&D expenditures and 
generated an additional R&D capital stock. There would be 
one stock based on intramural and one stock based on ex- 
tramural expenditures. The two R&D capital stocks, how- 
ever, would have used up more degrees of freedom than are 
available for the estimation of the model. It is not, in 
general, appropriate to aggregate intramural and extra- 
mural expenditures. In any event, extramural expenditures 
are very small. 
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TABLE 4.4 


Derived variables 


Variable 


24 


25 Gta) 
26(t ) 


Le. 


28(t) 
Varl4(t) ] 
29(t) 


30 


31(1975) 
She) 
32(1975) 
BAG) 


33Ct) 


34(t) 


B50) x 


36(t)* 


— (Var34(t)/Var28(t)*Var21(t) ) ] 


*The formulas for the rental rates on P&E and R&D are the 


Formula 


Var6(t) -— Var6(t-1) + Var8(t) 
Var25(t)/ Varz2 (vt) 


80 
= [Var7(t) - Var6(t)]/[Var8(t)*6] 
t=75 


[VarlOCe)y + Vari1l(t) 4 Varia Ce jyer VarloCe ee 
Vani (to) 
[Varl(t) + Var2(t)]/Varl18(t) 


80 
» [(Var29(t) - Var29(t-1))/Var29(t-1)]5 
t=76 


Var28(1975)/(0.1 +Var30) 
Var28(t) + 0.9Var31(t-1), t = 1976-1980 
Var26(t)/[(Var27)-! + Var 30] 


Var26(CR)Atele= (WVar2 wel WarkeeCeal)s 
t = 1976-1980 : 


(Var3(t) + Var4(t)l/Vari7() 


t-3 
Oe5 or25(e)ar21(0 - © Var28(s)*Var21(s))/ 


s=t-l 
t = 1978-1980 
Varo. Vari 9Gp)ateG@lar2cGbje 4) 
xo), =Var5(e)/Var25Ce,)) 


~ (Var24(t)*Var23(t))(1 -— Var5(t)/Var25(t))] 
Var21¢t) [| Vario(t)e440.1,] 


80 80 5) 
E varan(e)/6| hr + > Var 1929/5 
t=/5 t=/5 


| 


x [1 — Var23(t))(1 -— (Varl6(t)/Var28(t)°Var21(t),) 


outcome of the dynamic optimizing model presented in Chapter 


ae 
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cent, by initializing R&D capital (by dividing R&D invest- 
ment by the sum of the depreciation rate and the average 
growth rate of output (variable 30)), we obtained the R&D 
capital stock (variable 31) through the declining balance 
formula.” The declining balance formula was also used for 
the P&E capital stock (variable 32), initializing it by 
uSing the inverse of the average age of P&E as the average 
depreciation rate and the average growth rate of output. The 
labour input (variable 33) was derived by dividing the 
labour expenses by the wage index. The R&D tax allowance 
(which is applicable from 1978 to 1980) is 50 per cent of 
the excess of current R&D expenditures over the average of 
the last three years of nominal R&D expenditures. 

The formulas for the rental rates on R&D and P&E capital 
(variables 35 and 36) will be explained in Chapter 5 on the 
development of the model. 


4 R&D capital stock was also developed with depreciation 
rates of 8 per cent and 12 per cent. There was very 
little difference in the empirical results of the model. 
Pakes and Schankerman (1984) estimated the depreciation 
rate for R&D capital based on data from four European 
countries (France, the United Kingdom, the Netherlands, 
and Switzerland). They found that the rate is greater 
than that for physical capital. 


5 


The theoretical model and estimation’ 


Investing in R&D leads to accumulation of the stock of 
knowledge, which in turn generates output and revenues. 
Past decisions on the rate and timing of R&D investment 
influence the present ability of a firm to satisfy its 
customers and contend with its rivals. This accumulation 
implies that the determinants of R&D investment, and its 
interaction with corporate decisions on labour requirements 
and on physical capital investment, must be the outcome of a 
dynamic process. 

A potentially significant determinant of R&D investment 
is government policy. The government has directly affected 
private-sector R&D investment through a number of instru- 
ments: contracts, grants, and tax expenditures (see 
McFetridge 1977). The focus of this study is the investiga- 
tion of the influence of tax policy, directed towards both 
R&D and physical capital investment, on the structure of 
production and R&D expenditures. 

We develop a model of corporate production. Output is 
produced by the means of physical and R&D capital services 
and labour services. In addition, the accumulation of both 
types of capital through their respective rates of invest- 
ment is subject to adjustment costs. These costs are meas- 
ured by the forgone output as the factors of production are 
diverted to install additions to physical capital and create 
additions to R&D capital. Thus there are two types of costs 
associated with the capital inputs: costs of use and costs 
of adjustment. The latter imply that the firm cannot adopt 
instantaneously any level of physical and R&D capital. The 


1 This chapter provides details in regard to the general 
theoretical model, specification of functional forms, and 
estimation. It may be omitted by readers who are not in- 
terested in these technical details. 
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capital inputs are adjusted over time to the desired level. 
This adjustment process distinguishes the capital inputs 
from the labour factor of production. We refer to the latter 
as a variable factor and the capital inputs as quasi-fixed 
PaCLOrS: 

The firm under consideration is able to finance physical 
and R&D investment through debt and share issues and inter- 
nal funds. In this model we integrate corporate financial 
and production decisions. The integration is accomplished in 
part by assuming that the firm operates in the interest of 
its shareholders and makes its production decisions accord- 
ingly. 

The tax regime consists of four rates: the corporate in- 
come rate, physical and R&D investment credit rates, and the 
incremental R&D investment allowance rate. We include the 
following features: labour and interest payments are deduct-— 
ible from taxable income, there is accelerated depreciation 
on physical capital, R&D expenditures are immediately ex- 
pensed, the physical investment tax credit reduces the de- 
preciation base, the R&D investment tax credit reduces the 
amount that can be immediately written off of taxable in- 
come, and the incremental allowance on current R&D expendi- 
tures is based on the excess over the average of the preced- 
ing three years. 

In this chapter we begin with a description of the theo- 
retical model. Production and financial decisions are inte- 
grated in a framework which admits a complex set of tax 
rates and incentives. In the first section, we also discuss 
how the dynamic dual of the model can be represented. In the 
next section we describe the specification of the model in 
order to be able to carry out the estimation in the follow- 
ing section. Lastly, we present and discuss the empirical 
results of the estimation based on the dynamic duality rep- 
resentation. 


THEORETICAL DEVELOPMENT 

Consider a firm whose production process can be represented 
by 

(So iy CO ELE) saa, (ta) 9 Ke Coe CE mel GEN 


where y(t) is output, F is the twice continuously differen- 
tiable production function, L(t) is labour services, Kp(t) 


is physical capital services, K;(t) is knowledge capital 


services, I(t) is physical capital investment, and I,(t) is 
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knowledge capital investment. The variable t represents the 
time period and for ease of notation we drop it when no am- 
biguity arises. The marginal products are positive and 
diminishing for the labour, physical, and R&D capital in- 
puts. The adjustment costs associated with the physical and 
R&D stocks are internal. Following Treadway (1971, 1974) 
and Mortenson (1973), we assume that the quasi-fixed factors 
(i.e., the capital services) are subject to increasing in- 
ternal costs of adjustment. These costs imply that as addi- 
tional units of each quasi-fixed input are placed in the 
production process, the quantity of forgone output rises. 
Consequently, the average cost of investment increases in 
response to physical and R&D investment. 

The capital stocks accumulate by 


Ge) ied Sing aly eal Sap GUUS 1S gy SL ees 


where 6; is the fixed depreciation rate of the ith capital 
stock.* We assume that the firm is a price-taker in all 
markets and hence the flow of funds can be written as 


(5.3) py - wh - pplp - prly + B - rpB - To = D - poN 
where p is the product price, w is the wage rate, p; ws the 


price of the jth capital’ stock..(1 = pr), Oo iS une Valueror 
COrporate debt. tts" thewinterest: rabe= cn COonporacrescenurms 


represents dividends, po is the share price, N is the number 
of shares, and’ 7. are corporate taxes. We assume Static €x=— 


pectations on the prices and the interest rate. Defining the 
left side of (5.3) as I, which is the net flow of funds to 
shareholders, we can rewrite (5.3) in terms of the value of 
shares, 


(526) 2S etal y—sps. =O, 
where S = poN and ep = (D/pgN) + Pg/pg is the cost of equity 


capital. Assuming that the payout ratio is fixed, and since 
there are static expectations on the share price, then 
static expectations prevail on the cost of equity capital. 

The solution to equation (5.4) yields the present value 
of the firm's equity 


2 A dot over a variable denotes differentiation with 
respect to time. 
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(Seo (O)r= [rerotr(eyat. 


We assume that the firm operates in the interest of the 
shareholders, and therefore the objective is to maximize 
S(O). The firm fulfils this goal by selecting labour 
requirements, investment in physical and knowledge capital, 
and debt issues in the base period (t = 0) conditional on 
the current values of the exogenous variables. As the base 
period changes, and new values of the exogenous variables 
are observed, the firm revises its previous plans. Hence 
only in the base periods are the plans actually carried out. 
In order to carry out the maximization of the present 
value of equity, it is necessary to characterize more fully 
the tax environment confronting the firm. In calculating its 
taxable income, the firm is permitted depreciation deduc- 


tions on one unit of the ith capital stock of age t (at the 
Original price), equal to D,(t), i =/p,r forephysical and R&D 


capital. It is also true that the unit of the stock must be 
completely depreciated as 


[x ceyat Tite 


The depreciation deduction at time t on all units of the 


ith capital stock is 


[pg (t-t)1y (tt) (1-vy (t-1) D4 (DAT, ee eee 


where pj(t)Ij(t) is the capital expenditure on i in period t 
and D;(0) is the depreciation deductions on a unit of 
capital installed in period t. The term vj(t) is the invest- 


ment tax credit on the it® stock in period t, and it reduces 
the base on which the depreciation deductions are calculated. 
Therefore the tax reduction from depreciation in period t is 
the corporate tax rate (defined as u<(t)) multiplied by the 
depreciation deductions. 

There is also an incremental investment tax allowance 
of 


vaCe)| wi (DpiCe-T)1 (ena, 1 =)p,r, 
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arb) ie aan | uy (1) pz (t-1)17(t=1) dt 28, 

yi(t) = Oe 
0 otherwise, 

where aj(t) is the allowance rate in period t and uy j(T) is 


the weight applied to investment expenditures incurred in 
some past time period Tt. Hence if current investment expend- 


itures exceed an average of past expenditures then the firm 


receives a tax allowance on the ith capital stock in period 
EeOfea tet: 

Using the previous results on tax reductions due to de- 
preciation and the incremental tax allowances, the tax li- 
ability for the firm in any period of time is 


(5.6) To = uc(py-wL-rpB) 


5 Ee [pg (tot) T4(t-0) (1-vg (tt) )D, (1) 
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The base of the corporate income tax rate is the net reve- 
nues, which are revenues in excess of labour and debt inte- 
rest payments. In addition, the taxes are reduced by the 
depreciation deductions, the incremental investment tax al- 
lowances, and the investment tax credits. 

The present value of the tax liability can be written in 
two parts, one depending on current decisions and the other 
the result of past corporate plans. Before we write this ex- 
pression, we introducesthesspecificetax policy that pneresis 
no incremental investment tax allowance for plant and equip- 
ment expenditures (i.e., Yp(t) = 0 for all t), and research 


and development expenditures are deducted from income in the 


3 If we are dealing in discrete time, the expression for 
Viet jetopequalia.(ujlis 


righ; (T)pi(t-t)14(t-t)dt > 0. 

If t = 0,...,3 then the expression becomes 
3 

pi(t)Ii(t) - 2 p;(t-t)14(t-1)/3, 


noting that wsCO)es ly us Ch) = ie (2) a a 
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period they arevincurred (ite. D-(0) = 1 and D;(1)) = 0 “for 
all t # 0). Moreover, the investment tax credit is the same 
for both types of expenditure (i.e., v) = vy; = v). Now the 

present value of the tax liability is 


Cals) [eee ret at = [oe Puc py-wh-rpB-C1-v) pele) 


= vB pPila - [e-Ptfuc( tt) pp(t)Ip(t) (I-v(t) D1) 
Pec Let) Yr CEturcl) pr (ty lpGt lat — MCe NCE dt 


where 


M(t) = u, |r op(t-1)Tp(t-1) (1-v(t=1))Dp(t)a1 


is the tax reduction based on depreciation deductions from 
past P&E expenditures, and 


NCt) = ucrer(t) [wet )pe(t-t)Te(t-t) at 


is the incremental tax allowance on past R&D expenditures. 
Using equation (5.7), the definition of T (from equation 

(5.3)), and assuming static expectations on the tax rates 

(uc, V, Yr), we can write the present value of corporate 


shares as 
Cs-5)) oct) = J enPEL(1-uc) (PFCL kp Krys Tp Tr) —- wL - rpB) 
~ Ppl p(1-v-dp) - prIy((l-u,.)¢1l-v) - dy) 
poo of N]dt, 
where 


dp = ve(1-v) [eet ,(x)at 
is the present value of the tax reduction due to deprecia-— 
tion deductions and 


dy = ueYr | e-PTUCT)AT 


is the present value of tax reductions due to the increment- 
al allowance on R&D expenditures. It is important to realize 
that the firm's objective has been rearranged so that it is 
in terms of labour requirements, investment in both physical 
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and knowledge capital, debt issues, and the legacy of the 
past (namely Kp, Kr, B, M, and N). 

Up to this point we have discussed all the aspects of the 
model except corporate debt issues. It is now assumed that 
corporate debt is used to finance the accumulation of the 
physical and knowledge capital stocks. Indeed, let us suppose 
that some fraction of debt always goes to finance some pro- 
portion of each of the real capital stocks. Thus for B > 0 


Gay) ea Gt Oba ibe Oe Gear 
CSO) ee peKe = "ClO By Oc te 


Equations (5.9) and (5.10) imply that a fraction of physical 
capital (Up) and some fraction of knowledge capital (v,_) 


exhaust the uses of debt. However, it is possible for the 
real capital stocks to be financed through internal funds 
and new share issues, Since both Vp and ty are positive but 


less than unity. Differences in Vp and... rellect. thie srera— 


tive costs of financing the two types of capital stock 
through corporate bonds. The cost difference is reflected in 
the simplest manner as Vp and Wy; are constants. 


Equations (5.9) and (5.10) can be written in terms of the 
investment in P&E and R&D. Using the assumption of static 
expections on the prices (Pp» Pr), we have 


Gat) VpPpKp fel pe Kk eae 


Substituting (5.9)-(5.11) into (5.8) and integrating by 
parts yields 


VECO N= [e-Pt[ pyF(L Kp KrsTpsTr) — web - WgKp 
- wok; ]dt, 

where 

V(0) = S(O) - [erPt (M(t) + N(t))dt, 

Py = p(l-u,), 

we = w(l-u,), 

re = Ppl (e+5,) (1-v-dp) cf Up(rpCl-ug) a oly 
and 


Ws = Pr[(Pt+dy)((1-uc) (1-v)-dr) + Ur(rp(l-uc) - 9) ]. 
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The prices Wq and Wg are the post-tax rental rates on P&E 


and R&D capital. The problem confronting the firm is to max- 
imize V(O) by selecting L, Ip, and Iy subject to the equa- 
tions depicting the accumulation of real capital (i.e., equa- 
tion set (5.2).) and the initial conditions on these stocks. 
Before we proceed, it is instructive to decompose the 
rental rates on physical and knowledge capital, since the 
tax policy instruments operate through these variables. Con- 
sider the rental rate on P&E (wq). Tf the firm. is ali 


equity—financed Cp = 0), there is no investment tax credit 


(v = 0), and the tax authorities allow only economic depre- 
ciation (dp = uc6/(p+6)), then the post-tax rental rate is 


equal to Pp(e + 6p(1-uc)). However, if the firm is all debt- 
financed (Up = 5]) then the rental rate das Pp(rpto)(1-uc) 
and if the firm is both debt- and equity-financed (0 < Up 
<i) othe. rentalcrater 1s Ppl (1-bp)e + Vprp(1-uc) + 6(1-u,)]. 
The term (1-Vp)e + Vprp(1-uc) is defined as the average 


(financial) cost of physical capital, and it is the tradi-— 
tional weighted average of the (average) costs of debt 
and equity financing. The expression Up(rp(1-ug) — 0) rep- 


resents the modification to the rental rate for the partial- 
ly debt-financed firm relative to the all equity-financing 
Situation. Finally, the existence of both an investment tax 
credit and accelerated depreciation decreases the rental 
rate. Similar reasoning can be used to explain the nature of 
the post-tax rental rate for R&D capital. 

In order for shareholders' net flow of funds to be maxi- 
mized, the firm must intertemporally minimize costs. Invert- 
ing the production function to obtain the labour require- 
ments function, 


L = G(Kp, Ky, Ip, Ip, y)s 


the cost-minimization problem, for-any given output, can be 
written as 


min [er PEL eG Kp KrsTpe rey) + wakp + wok; dt, 
(Irslp) 
subject to 
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Ri = Ty - 6jk, Ky(0) = K> > 0, i = p,r. 


There are two ways in which we can represent the optimal- 
ity conditions for the cost-minimizing problem: the primal 
and the dual. We shall concentrate on the dual to this 
problem, because of the flexibility this approach provides 
for the estimation of the model. Define J(Kp Kr swe ,WqsWssy) 


to be the minimized present value of costs, and therefore 
(see Dreyfus 1965, Arrow and Kurz 1970, and Epstein 1981) 
OuO Oo 
(5.12) oJ = weG(KpsKr,15,Ir.y) + wqkp + woky + Jp(Ip = 8Kp) 
Pre Cl ee oeke 
where 0J/0K; = Jj, i = p,r, and the superscript o denotes 


the cost-minimizing quantitites. The conditions determining 
the optimal quantities for Ip and I, are found by differen- 


tiating (5.12) with respect to wg and wg. Thus 
O fo) 
yas) PSg = Kp + JpgUp FF dpKp) ay Jrg(Qr ya Ophea) 


(5:14)) pJg'= Kpead J pa( 1 je=) Opa) Hadea (lp = Oekeys 
where 6J/6wj = Jj, j = q, S- Solving equations (5.12)-(5.14) 


yields 
Ronen EGO eek 
C5115) T : 
is p(J - fare. - fice W Srolke 
where 
pq sara Jq p 
Jeri ia bile gehen ie 
ps rs . S ia 
K Ww Foam 
Koen Se Pi Bealeton ye Ot aa ee P Pl 
K M ieee Onk 
1 1 


and wg is normalized to unity so that the rental rates are 


now defined relative to the wage rate. Equation set (5.15) 
is the model that is to be estimated. Notice that the model 


is a recursive system. The investment equations (K®°) are a 
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system of two equations in two unknowns. The solution to the 
investment equations is then substituted into the labour- 
requirements equation (L®9). 


MODEL SPECIFICATION 


In order to estimate equation set (5.15), a functional form 
for the minimized present value of costs must be specified 
and an error structure imposed. We hypothesize the following 
functional form (see Epstein and Denny 1983): 


(sala (kk Ns Ten Pu Pa lun v2 
° p? rN gs) ay ne : ey y 


7 
DF © 
T -l ik T -l 
+ [WwW A ik + a, JK + [w A ty + hyl/e. 


The form given by the right side of equation (5.16) is 
linear-quadratic in factor prices and linear in output and 
the capital stocks. Moreover, it. is consistent with the ag- 
gregation across technologies (e.g., across plants, estab- 
lishments, or corporations). The parameters in By, form a 2 


by 2 symmetric matrix, which must be negative definite 


is 
(b.5 05 eee e ree DD Lee 0) by a 


11°92 7 Pro » and hi are 2- 


k 


l is the inverse of a 2 by 2 
wk 


matrix of parameters, such that plo - Ay, must be stable 


dimensional column vectors; A_ 


(sufficient conditions for this are 0 < ay; -~90 <1, i= 
1,2, and (a]] — 9)(a99 — —) —-aj9a9] > 0; Ip is the 2 by 2 
identity matrix); bo and ho are scalar parameters; and the 


Superscript T represents the operation of vector transposi- 
aie ee 

The corresponding set of investment and labour demand 
functions implied by (5.16) can be derived by noting that 


4 The matrices are By, =|bj1 bia}, Awk =| 411 412]- 
b21 622 a2le 222 


DheivectopsiarenD,) =} bi), )8a,-= ays Dy = hp 
b2 2) ny) 
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| zh =a 

pd. = OCB + by + pA yk + A coy? 
a Nel 

Use - aie 


Hence using (5.15) we get 


~@) 
Keg te PA Bay + by + ho + (el, - A yk: 
eed ED), 
O T i Tso 
LY = p(b) - wB w)y/2 + hy + pak - aK. 


These two equations are the equations to be estimated. They 
are our preferred specification. Notice that the investment 
demand functions are linear in the rental rates and the 
capital stocks, while the labour demand equation is linear 
in the capital stocks and the rates of net investment. In 
addition, the net investment equations are flexible acceler- 
ators since we can write 


Ky (ell (Kea ek= 
S -] 
where K” = (el, ~ A yd (PA (Bw + by + hy) represents 


the long-run (or stationary state) levels of the capital 
stocks and M = plo - Ayk is the adjustment matrix. An advan- 


tage of the dual approach to the dynamic problem is that the 
adjustment matrix is expressed in terms of the parameters of 
the value function, J. Thus the specification of the tech- 
nology can be quite flexible in terms of allowing interac- 
tion between the capital stocks and the rates of investment. 
Solution of the primal problem usually necessitates an as- 
sumption that the adjustment matrix is diagonal. A diagonal 
adjustment matrix implies that the elasticity of substitu- 
tion between the capital stocks is zero, and the marginal 
adjustment cost of a particular form of capital depends only 
on that type of capital. These are strong assumptions which 
have not been imposed in the present context. 

The system (namely equation set (5.17)) that is to be 
estimated is non-linear in the parameters, with restrictions 
on parameters within and across equations. As we have men- 
tioned, the system is linear in the quantities and block- 
recursive in the sense that the two net investment equations 
are Simultaneous. The solutions to these two equations then 
feed into the labour demand equation. By taking a discrete 
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approximation to (5.17), where R(t) = K(t) - K(t-1) and K= 
K(t-1), and by appending error terms (u(t)) to each of the 
equations, which are assumed to be jointly normally distrib- 
uted with zero mean (E(u) = 0) and with positive definite 


symmetric covariance matrix (E(uul) = (WIT = %, where 2 is 


a 3 by 3 matrix), we can use the non-linear maximum likeli- 
hood estimator. 
The estimated equations can be written out as follows: 


tee 0. 2 
CO rar vig by 76M HY 0) 


- BRC ne Oe Wy) 


9 ho K (t-1) 
~ boo pw, VW.) + ar + a, (1+) 
itl) K°(t) K°(t) 
r " ls r 
+ a,(1+9)— — tra aoe aa uy (t), 
@) 
Kp(t) 
(19) on (a>), * ay 9b) 2) PC, + U a 
+ (aj bio + ajobon)P(w. + bw) 
h 
+ (a,b) + ay yb.)0 + = 
Rocca) K (t-1) 
+ (1 +:p - a> ; ay9 = + eel: 
KP(t) 
(5220) a oe (a,,b14 + ayo by eC, + ws W,) 


+ (ay 1Py9 + Aggboy)P(w,+ V4,) 


eae K (t-1) 


rae | a5, + Ao5 bo )p +—-a 
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where Wp = pp(Pt5p)(1-v-dp)/we, We = pp(rp(l-uc) - p)/we, 
Wr = pPr(pt+d,) ((1-u,) (1-v) = dy)/we, Wd = Pr(rp(l-uc) = 0)/wg. 


MODEL ESTIMATION 


The sample consisted of 27 firms, with observations from 
1976 to 1980 (after accommodating variable derivations). 
Pooling the data gave us 135 observations. In addition, we 
allowed Tor inter-firm differences by permitting nj, uo jean 


hy to vary across firms.” Thus from the three equations (5.18), 
(5.19), and (5.20) there were 95 parameters to estimate. ® 

The estimates are presented in Table 5.1. To obtain 
these, we used the mean value of 0 = 0.0873. The estimation 
procedure was the following. First we jointly estimated 
equations (5.19) and (5.20), since they depend on exogenous 
variables only. The estimator was the non-linear maximum 
likelihood for seemingly unrelated equations. We imposed the 
within- and across-equation restrictions on the parameters. 
The estimation of these two equations involves 65 para- 
meters.’ Second, using the estimates from the capital input 
demand equations and the calculated capital inputs, we esti- 
mated the remaining 30 parameters (bg, aj, a7, and the 


twenty-seven ho's) from the labour demand equation.® At each 
stage the estimation procedure converged with a criterion of 
0.001. Although there is no method that guarantees a global 
maximum for the likelihood function, different starting 
values yielded essentially identical parameter estimates. 
The asymptotic t-statistics imply that the coefficients are 
significant. In Table 5.1 we present the mean values based 
on the estimates of hp, hj), and hy for different firms. In 


5 Inadequate degrees of freedom did not permit us to esti- 
mate the system of equations with more complex inter-firm 
differences in the parameters. 

6 Of the total number of parameters, 81 are related to the 
firm-specific parameters of hg, hj), and ho. 


7 Of the 65 parameters in the two investment equations 54 
are related to the firm-specific parameters hj and ho. 


8 We had to use the two-step estimation procedure because 
of software limitations on the combination of the number 
of observations and parameters hy and ho. 
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TABGE, 5.1 

Estimation results 

Parameter Estimate t-statistic 
bo 4 .a017 Zeoso2 
Dil -2.0299 -3.4089 
b12 -0.34996 -3.7288 
bo2 -1.0396 ~2.8169 
ho* 5.6906 

aj] 0.30015 (aeMeS WAY 
aj2 0.04903 SANS 
ano 0.25006 1.6820 
an] 0200890 =ledort 
a] -0.60106 —2.5158 
a2 -0.60148 -2.9900 
by 135602 255550 
bo Se2ULS 1.4668 
Vp Dineyises) Meee 1?) 
Vr 0.09312 DJS 
eke Toles 

h,* 6.8241 


Log likelihood = 269.4303. 
eThesvaluess ot hg. hi, ho are whe mean walues; of) the, 27 


different estimates for each firm. 


addttion, trom. lable Sadenotice thate pla VO, i y= ae asO 


ip. ane by boo - D 


cl hte 0.014 mel 2 mond kajgeP)ka55 - 8,989] 4 Os 


Beater b- 
i ib 


i > Oe in aGdaton. sO. < ass 


The major analysis of the regression results will be 
taken up in succeeding chapters on factor price, tax, out- 
put, and financing effects. At this point we want to discuss 
the nature of the dynamics in the model. From the theoretical 
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development, we know that the investment equations are in 
the flexible accelerator model class. Indeed, as we have 
established, the adjustment matrix is M = pI9 - Ay,. The 


elements of the 2 by 2 matrix Ay, are ajj, i,j = 1,2. These 
four coefficients (a}), 419; a99, a9]) illustrate the speed 


of adjustment of the capital inputs to their respective 
long-run levels. First, a,,]-9 illustrates the proportion of 


the adjustment for physical capital that takes place in a 
Single year, given the stock of knowledge capital. Second, 
the same meaning is ascribed to ag9-p for R&D capital, given 


the stock of physical capital. In the present model there 
are also 'cross-effects' associated with the adjustment 
process. The coefficient -a,9 illustrates the adjustment in 


physical capital associated with changes in R&D capital, and 
=a] 11 lustrates the converse Sitiation. 


From Table 5.1, we can observe the coefficients charac-— 
terizing the speeds of adjustment. First, for physical capi- 
tal 0.213(a ]]-¢) or 21.3 per cent of the adjustment takes 


place in a single year, given the stock of R&D capital. This 
means that it takes 4.7 years for physical capital to attain 
its long-run level. 

We find that R&D capital takes 6.1 years to adjust to its 
long-run level, given the stock of physical capital. Notice 
that 0.164(a99-9) or 16.4 per cent of the adjustment of R&D 


capital occurs in a single year. 

Turning to the cross-effects, we find that a deficient 
stock of R&D capital (relative to its long-run level) causes 
the physical capital stock to decrease by 0.049(-aj) or 


4.9 per cent in one year. A deficient stock of physical 
capital causes the stock of R&D capital to decline by 
0.009(-a9}]) or 0.9 per cent in one year. 


A number of results emerge from the adjustment process. 
First, with respect to the own effects (i.e. a,1-¢ and 


a22-0), physical capital adjusts faster than does R&D capi- 


tal. Second, the cross-effects illustrate that there is a 
form of complementarity between the capital stocks along the 
adjustment path (as -a}72 and -aj) are positive) to the long- 


run equilibrium. Third, changes in R&D capital exert a 
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stronger influence on physical capital accumulation than do 
changes in accumulation on R&D capital (that is |aj9| > |a91|). 


Fourth, the own effects are larger than the cross-effects. 
Indeed, the cross-effects are quite small, though, neverthe- 
less, statistically significant. Fifth, the combined effect 
on physical capital implies that 26.2 per cent of the ad- 
justment occurs in a single year or the net process takes a 
little more than 3.8 years. The combined effect on R&D capi- 
taliresults in 17.3 per cent of the adjustment occurring “in 
one year and the process taking about 5.8 years. 


6 


Price and output determinants of 
factor demands 


The demand for factors of production, including R&D capital, 
responds to changes in the prices firms must pay for these 
inputs. Price changes can be generated by market forces or 
government policy. Indeed, regarding the latter, changes in 
tax rates, credits, and allowances affect the unit cost or 
price firms pay for their factors of: production. For ex- 
ample, suppose a firm pays $1 for the use of a machine in 
production. If the government permits a tax credit of $0.10 
for each new machine then the after-tax price of the machine 
is reduced to $0.90.! Thus, in order to determine the ef- 
fects of tax policy on the demand for factors of production, 
it is imperative to estimate the response of input demands 
to price changes. 

Generally, changes in factor prices elicit two types of 
effects on input demands. Consider, for example, an increase 
in the wage rate paid to labour. If labour becomes relative- 
ly more expensive then the firm will substitute at least one 
of the other factors of production (for example, physical 
capital) for labour in the production process. Thus the 
relative quantities of the inputs used to produce the exist- 
ing level of output are affected by the change in the wage 
rate. In other words, factor proportions are altered. 

The increase in the wage rate, besides changing factor 
proportions at the existing level of output, raises the 
production costs to the firm, with the result that the 
supply of output decreases. Consequently, any input price 
increase changes input demands such that both factor propor- 
tions and output supply are affected. These are distinct ef- 
fects, which occur for a change in any one factor price. 


1 In Chapter 3 we discussed how tax policy affects the unit 
cost of R&D expenditures. 
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To date we do not have any quantitative evidence on these 
substitution and output effects relating to the demand for 
R&D capital. In particular, we do not know how the demand 
for R&D capital (and thereby also R&D expenditures) is af- 
fected by changes in the wage rate, the factor price of 
physical capital (which is plant and equipment), and the 
factor price of R&D capital itself. The purpose of this 
chapter is to measure the response of R&D capital demand 
(and in turn R&D expenditures) to changes in each factor 
price. We undertake this task for the major firms undertak- 
ing R&D expenditures in the Canadian economy.* Moreover, be- 
cause we are interested in investigating the structure of 
production of these major firms, we also determine the ef- 
fects of changes in each factor price on the demands for 
every Input. 


SUBSTITUTION EFFECTS 


In this section we want to investigate the effects of 
factor-price changes on input demands at the existing level 
of output. In other words, we are addressing the issue that 
concerns changes in factor quantities used to produce the 
given supply of output in response to changes in each of the 
factor prices. These effects are referred to as substitution 
effects or compensated factor-price elasticities. 

There are two types of substitution effects: those that 
arise in the short run and those in the long run. The long- 
run type is differentiated from the short-run by defining 
the former as the situation when all investment in physical 
and R&D capital is just sufficient to replace that part of 
the capital stocks that has depreciated. Thus, there is no 
further growth in either of the capital stocks in the long 
run. 


Short-run 


The short-run compensated factor-—price elasticities defined 
-at the existing level of output are derived from equations 
(5.18)-(5.20). This system of equations is differentiated 
with respect to each of the factor prices: wq, the bacon, 


price or rental rate on. physical capital; wo, the factor 


2 The responses relate to the 27 firms described in the 
data bank in Chapter 4. 
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price or rental rate on R&D capital; and we, the factor 


price of labour or the wage rate. The formulas for these 
short-run compensated factor price elasticities are found in 
Table 6.1 and the effects themselves are given in Table 6.2. 

From Table 6.2 we can observe that an increase in a fac- 
tor price decreases its respective factor demand (the diago- 
nal terms are negative). Moreover, the effects associated 
with each of the capital inputs are quite similar. A 1 per 
cent increase in a rental rate descreases the demand for 
that capital input by 0.12 per cent. Labour demand is the 
most price-responsive with an effect that is almost one for 
one: a 1 per cent increase in the wage rate decreases labour 
demand by 0.94 per cent at the given level of output. 

The off-diagonal elements in Table 6.2 show how factor 
demands respond to changes in factor prices other than their 
own. Indeed, the off-diagonal terms may be called 'cross- 
effects' while the diagonal terms are referred to as ‘own 
effects.’ From Table 6.2 we see that a 1 per cent increase 
in the rental rate on physical capital decreases the demand 
for R&D capital by only 0.05 per cent and increases the de- 
mand for labour by almost 0.7 per cent. We see that this 
type of movement is preserved if we consider a 1 per cent 
increase in the rental rate on R&D capital. We find that 
‘physical capital then decreases by about 0.01 per cent and 
labour requirements increase by 0.25 per cent. Thus the 
capital inputs are complementary factors because an increase 
in the rental rate on R&D capital causes a decrease not only 
in the demand for R&D capital but also in the demand for 
physical capital. The same result occurs for an increase in 
the rental rate on physical capital. In addition, both capi- 
tal inputs are substitutes for labour. An increase in the 
wage rate causes the firms to increase their demand for 
physical and R&D capital by 0.13 per cent and 0.18 per cent 
respectively, while labour demand decreases. Hence decreases 
in both rental rates and an increase in the wage rate cause 
these firms to become relatively more capital-intensive in 
their production of the existing level of output. The in- 
creased capital intensity refers to both physical and R&D 
capital. 

R&D capital does, in fact, respond to changes in its own 
rental rate and to changes in the prices of the other inputs 
used by the firms in their production processes. Moreover, 
changes in the rental rate on R&D capital cause the firms to 
alter not only their demand for R&D capital but also their 
demands for physical capital and labour. 
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TABLE 6.2 
Short-run compensated factor-price elasticities 


(in per cent) 


Factor demand* 


ee G 
cS S 
(physical (knowledge L 
Factor price capital capital labour 
Wq | —-0.1230 —0.0472 0.6911 
Ws —0.0083 —0.1284 0.2492 
WwW] Oeil 0. 56 —0.9403 


*The elasticities are based on a 1 per cent increase in each 
factor price. 


Long-run 


In the long run there is no growth in the physical and R&D 
capital stocks. Any investment just replaces that part of 
the stock that has depreciated. The formulas for the long- 
run compensated price elasticities are given in Table 6.3 
and the effects in Table 6.4. A number of results emerge 
from the latter table. First, an increase in each of the 
factor prices decreases the corresponding factor demand. In 
other words along the diagonal of Table 6.4 the values are 
negative. An increase of 1 per cent in the rental rate of 
physical capital causes the demand for physical capital to 
decrease by about 0.30 per cent. For knowledge capital, when 
its factor price rises by 1 per cent, the demand falls by 
0.32 per cent. Finally, labour demand decreases by 1.60 per 
cent when the wage rate rises by 1 per cent. Clearly, as in 
the short run, labour exhibits the largest response, while 
the magnitudes for physical and knowledge capital are rough- 
ly the same. 

Turning to the off-diagonal elements in Table 6.4, we see 
that an increase in the rental rate for physical capital de- 
creases the demand for knowledge capital and increases 
labour requirements. Similarly, as the rental rate on knowl- 
edge capital rises, the demand for physical capital falls 
and labour requirements increase. Therefore, in the long run 
(as well as the short run) knowledge and physical capital 
are complementary factors, while each of the capital inputs 
is a substitute for labour. 
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TABLE 6.4 
Long-run compensated factor-price elasticities 
(in per cent 

Factor demand* 


L u iF 
Factor price - bs 
Wq —0.3038 —0.1600 Peuyo 
Ws —0.0480 —0.3240 0.4265 
WQ -0.3518 0.4840 —1.5967 


*The elasticities are based on a 1 per cent increase in each 
LaCvOrs piace. : 


OUTPUT EFFECTS 


There are two effects on factor demands resulting from a 
change in a factor price: the substitution and the output 
effect. The output effect arises because a change in a fac- 
tor price affects the cost of production. The change in 
costs generates a change in the supply of output, which in 
turn causes the demands for the factors of production to be 
altered. Thus the output effect is the product of two sub- 
effects, one relating to the relationship between production 
costs and output and the other pertaining to the relation- 
ship between output and the factor demands. The latter is 
called the output elasticity of factor demand. 

In order to determine the output effects of factor-price 
changes, we must find first the effect of a change in any 
factor price on production costs and thereby on output, and 
second the effect of output on the factor demands. Regarding 
the first step, a change in any input price affects produc- 
tion costs in such a fashion that the marginal cost of pro- 
ducing output changes. For example, if the input price in- 
creases, which then causes the marginal cost of production 
to rise, output will decrease. However, the extent of the 
decrease depends on the nature of a firm's product demand. 

The reason product demand enters the picture is that as 
the marginal cost increases, firms attempt to recoup the 
higher costs by raising product prices. The extent that any 
firm is able to ameliorate the higher marginal costs by 
raising its price depends on the price responsiveness of 
product demand. If product demand is quite price-responsive 
then the firm is unable to raise its price to any great ex- 
tent because customers will shift to the products of rival 
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firms. If product demand is not very price-responsive then 
firms will be able to recover the higher marginal costs 
through price increases. Thus, as marginal costs rise firms 
attempt to adjust to the situation by decreasing output and 
increasing product price. On net, the change in output 
depends on the magnitude by which marginal costs increase 
and the degree to which product demand is price-responsive. 
The formulas for the effect on output of an increase in the 
marginal cost generated by an increase in one of the factor 
prices are presented in Table 6.5.° 

The second aspect in determining the output effects of 
factor-price changes is measuring the response of a factor 
demand to a change in output, or the output elasticity of 
factor demand. The formulas are given in Table 6.6, and the 
elasticities are presented in Table 6.7. 

We see that in the short run an increase in output gen- 
erates a relatively greater increase in labour requirements. 
This is due to the fact that output expansion must be forth- 
coming from the intensive use of labour in the short run as 
there are adjustment costs to be absorbed by the firm in 
order for it to change the levels of the capital inputs to 
‘produce the increase in output. Thus because the capital in- 
puts are quasi-fixed factors the increase in output is pro- 
duced relatively more by labour. The firms overshoot their 
labour requirements in the short run by increasing labour 
demand by a greater percentage than the percentage increase 
in output. In the long run, as adjustment costs are absorbed 
and the capital inputs become more flexible, firms are able 
to supply increases in output by almost equiproportional in- 
creases in output. 

Since the output effects of factor-price changes are the 
combination of two sub-effects - first, the impact of a 
factor-price change on output and, second, the impact of 
output on the factor demands - we must multiply the terms in 
Tables 6.5 and 6.6 to obtain the output effects. That is, 
for an increase in the rental rate of physical capital the 
long-run output effects on physical and knowledge capital 
and labour requirements are found by multiplying the first 
expression in Table 6.5 by each of the terms in the first 
row of Table 6.6. In the short run, we multiply the first 
term (calculated at the short-run factor demand) in Table 
6.5 by each of the terms in the second row of Table 67.03. 


3 These formulas are derived by assuming that the product 
demand function has a constant price elasticity. 
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TABLE 6.7 
Long-and short-run output elasticities of factor demands 


(in per cent) 


Factor demand* 


K K. 7 L 
PL ere EAE eK Rey oer Wiel nwgeee Eee wT bot omnes nh EER sn 
Long-run 059999 029998 O.9O12 
Short-run 021590 OrzZ 216 Le2ous 


*The elasticities are based on a 1 per cent increase in 
output. 


The procedure is the same when the rental rate on knowledge 
capital and the wage rate increase. In these cases we use 
the second and third rows respectively in Table 6.5. 

In order to utilize the formulas in Table 6.5 we must 
have measures of the price responsiveness of product demand 
for the different firms in the sample. In view of the ab- 
sence of estimating these magnitudes we compute the output 
effects for three different values of the degree of price 
responsiveness: -1.5, -3, and -o. These figures represent 
the percentage decrease in product demand resulting from a 
1 per cent increase in the product price. These magnitudes 
Capture a realistic spectrum of thes price; sensitivity o1 
elasticity of product demand." 

The output effects of factor-price changes are given in 
Tables 6.8 to 6.10. In computing the magnitudes found in 
these tables we used the after-tax cost share of each of the 
inputs. At the mean in the long run, the labour share is 
0.57, the share of physical capital is 0.36, and the R&D 
capital cost share is 0.07. In the short run the shares are 
respectively 0.48, 0.31, 0.05, with 0.16 of total costs com- 
prising adjustment costs associated with the capital inputs. 
In each of the tables, for any price elasticity of product 
demand, the long-run figures are governed by the cost shares 
and the output elasticities, while the short-run figures are 
determined by these elements and the marginal adjustment 
costs associated with the capital inputs. 

First, from Table 6.8 we observe that the short-run out- 
put effects for the capital inputs are less (in absolute 
value) than the long-run effects. This result occurs because 


4 The interested reader can compute the output effects and 
the ensuing factor-price effects for other values of 
product-price elasticities by using the same procedure as 
OULIINed Bn scene Icexc. 
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TABLE 6.8 
Output effects on factor demands of a change in the rental 
rate on physical capital 


(in per cent 
Price elasticity of product demand 


Factor demand* =125 =3 —6 

Kp Long-run -0.540 -1.080 -2.160 
Short-run -0.065 -0.129 -0.257 

Ky, Long-run -0.540 -1.080 ~2.160 
Short-run -0.089 -0.179 -0.357 

L  Long-run -0.487 -0.974 = .947 
Short-run -0.497 -0.994 mt Weielon/ 


*The effects are based on a 1 per cent increase in the 
rental rate on physical capital. 


TABLE 6.9 

Output effects on factor demands of a change in the rental 
rate on R&D capital 

(in per cent) 


Brice elasticity of product demand 


Factor demand* -1.5 —3 —6 

Kp long-run -0.105 =O e210 -0.420 
Short-run —0.025 -0.049 -0.099 

K, Long-run -0.105 -0.210 -0.420 
Short-run -0.035 —0.069 -0.138 

c Long-run -0.095 -0.190 -0.379 
Short-run -0.141 -0.282 —-0.765 


*The effects are based on a 1 per cent increase in the 
rental rate on R&D capital. 


output responds relatively more in the long run to the 
rental rate on physical capital and because the long-run 
output elasticities of physical and R&D capital are sub- 
Stantially larger than their short-run counterparts. The 
demand for labour, however, exhibits a slightly larger (in 
absolute value) or more elastic output effect in the short 
run in response to an increase in the rental rate on physi- 
cal capital. It does so because the output elasticity of 
labour demand is relatively more elastic in the short run 
because of the overshooting of labour requirements. 
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TABLE 6.10 
Output effects on factor demands of a change in the wage 
rate 
in per cent 
Price elasticity of product demand 
Factor demand* -1.5 -3 - 
Kp Long-run -0.855 -1.710 -3.420 
Short-run -0,.060 -0.120 -0.239 
K, Long-run -0.855 -1.710 —3.420 
Short-run -0.084 -0.167 —0.333 
L  Long-run -0.770 -1.541 -3.082 
Short-run -0.464 -0.927 -1.853 


*The effects are based on a 1 per cent increase in the 
wage rate. : 


We turn now to a change in the rental rate on R&D capital 
(Table 6.9). In this situation the output effects are small- 
er (in absolute value) than for a change in the rental rate 
on physical capital predominantly because the cost share of 
R&D capital is relatively small. In addition, the differ- 
ences between the long- and short-run effects are not as 
great. This result occurs because the short-run effects 
include the marginal adjustment costs of both R&D and physi- 
cal capital. The latter costs are not inconsequential in 
comparison with the small R&D capital cost share. Neverthe- 
less, as for a change in the rental rate on physical capi- 
tal, we still find for the capital inputs that the long-run 
effects are more pronounced than those obtained in the short 
run, while the converse occurs for labour because of the 
differential in output ‘elasticities, 

The long-run output effects associated with increases in 
the wage rate (Table 6.10) are the largest (in absolute 
value) of the three sets because of the large cost component 
of labour. The short-run effects are somewhat tempered rela- 
tive to the capital inputs because of the adjustment costs 
associated with the capital stocks. The long-run effects for 
the capital inputs dominate the short-run findings. In addi- 
tion, we obtain relatively more elastic long-run effects for 
labour demand. The reason is that the differential between 
the long- and short-run output elasticities of labour demand 
is not sufficient to override the marginal adjustment costs 
incurred in changing the capital input demands in response 
to an increase in the wage rate. 
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We are able to compare the compensated own price elasti- 
cities (the diagonals in Tables 6.2 and 6.4) to the out put 
effects of physical capital (from Table 6.8), of R&D capital 
(from Table 6.9), and of labour (from Table O2tO ie eethe 
long run the output effects for physical Capital are greater 
(in absolute value) than the compensated own price elasti- 
city for the whole range of price elasticities of product 
demand. This is not true in the short run, where for rela- 
tively inelastic product demand conditions, the compensated 
Own price elasticity of physical capital is greater in abso- 
lute value than the output effect. For R&D capital, in both 
the long and short runs, the compensated own price elasti- 
city is more elastic than the output effects, except for 
Substantially elastic product demand conditions. For labour 
demand, in the long and short runs, with price elasticities 
of product demand near the middle of the selected values, 
the compensated own price elasticity and the Output effects 
are equal. However, as product demand becomes more elastic 
the output effects become relatively more pronounced. 

We can compare the compensated cross price elasticities 
of factor demands (the off-diagonal elements in Tables 6.2 
and 6.4) to the relevant output effects in Tables 6.8 to 
6.10. We see that when the rental rate on R&D capital in- 
creases, the compensated cross price elasticity and the out- 
put effect of physical capital operate in the same direction 
in both the short and long runs. The same result occurs for 
R&D capital when the rental rate on physical capital in- 
creases. However, when either of the rental rates of the 
capital inputs increase, the compensated cross price elas- 
ticity of labour demand operates in the opposite direction 
to the output effect in both the short and long runs. This 
result is due to the fact that labour is a substitute for 
each of the capital inputs. An increase in the factor price 
of one of the capital inputs creates an incentive for firms 
to increase their labour requirements at the existing level 
of output. Simultaneously, the higher rental rate raises 
costs and decreases the supply of output, which, in turn, 
dampens labour demand. 

A comparison of the output effects and compensated 
factor-price elasticities illustrates the relative strengths 
of the two effects arising from a factor-price change. An- 
other interesting comparison is between the degree to which 
a factor demand changes as a result of a factor-price 
change, at the existing level of output, and the degree to 
which input demands change in response to Output expansion 
at the existing factor price. This is a comparison of the 
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compensated own factor-price elasticities with the output 
elasticities (the diagonals in Tables 6.2 and 6.4 with Table 
6.7). Clearly, we can observe that output expansion in the 
long run for the capital inputs generates a substantially 
greater effect than the compensated own price elasticities 
(in absolute value). In the short run the output elastici- 
ties are still relatively larger. The results are quite dif- 
ferent for labour. In the long run the compensated price 
elasticity. dominates (in absolute value) the output elasti- 
city, while in the short run the converse is true. 


FACTOR-PRICE ELASTICITIES 


The own and cross factor-price elasticities for any input 
consist of the own and cross compensated factor-price 
elasticities added to the relevant output effect. Indeed, 
the short-run own factor-price elasticity of physical capi- 
tal is found by adding -0.1230 from Table 6.2 to any of the 
figures in the second row of Table 6.8. The short-run cross 
factor-price elasticity of physical capital when the rental 
rate on R&D capital changes is found by adding —0.0083 to 
the second row of Table 6.9. In a similar fashion we deter- 
mine the effect on physical capital of a change in the wage 
rate. Moreover, by performing the same operation with the 
first column of Table 6.4 and the first rows of Tables 6.8 
to 6.10 we can find the long-run factor-price elasticities. 
These results are presented in Table 6.11. From this table 
we can observe that for the long run and irrespective of the 
price elasticity of product demand, the demand for physical 
capital decreases with an increase in any factor price. This 
result occurs in the short run for increases in the rental 
rates. In addition, we see that as product demand becomes 
more price-elastic the demand for physical capital becomes 
more price-elastic. In other words, as the product market 
becomes more competitive firms become more sensitive in ad- 
justing their demands for physical capital to input price 
changes. 

In a fashion similar to that used to obtain the figures 
in Table 6.11, we can obtain the price elasticities of R&D 
capital (Table 6.12) and labour (Table 6.13). The results 
for R&D capital parallel those for physical capital. It is 
of interest to note that both the rental rate of physical 
capital and the wage rate generate larger effects on the 
demand for R&D capital than its own rental rate does. This 
result emanates from the strength of the output effects of 


Price and output determinants of factor demands 


TABLE 6.11 


Factor-price elasticities of physical capital 


(in per cent) 


Factor price* 
Wq Long-run 
Short-run 


Wg Long-run 
Short-run 


wg Long-run 
Short-run 


fa 


Price elasticity of product demand 


~1.5 —3 

-0.844 -1.384 
-0.188 eee 
=O 5153 =O. 256 
=().033 -0.057 
=O. 903 ik reelaye 


0.071 


OF Ou 


-2.464 
-0.380 


-0.468 
=O toy 


-3.068 
eles 


*The elasticities are based on a 1 per cent increase in each 
of the factor prices. 


TABLE=O..12 


Factor-price elasticities of R&D capital 


(in per cent 


Factor price* 
Wq Long-run 
Short—run 


Ws Long-run 
Short-run 


we Long-run 
Short-run 


Price elasticity of product demand 


salted =3 =6 
—Q.700 = 13240 ace AS) 
=). 136 =0 5226 —0.404 
-0.429 -0.534 -0.744 
~0.163 =O 5197 -0.464 
-0.371 —1.226 -2.930 
0.092 Q.009 al oy 


75 GT a RE” (RR mNICES oP lame eRe ommEerane Eran 
*The elasticities are based on a 1 per cent increase in each 


of the factor prices. 


changes in the factor prices of physical capital and labour. 
These latter effects are strong because of the relatively 


large cost shares of these two factors of production. 


The cross price elasticities for labour demand (the first 
four rows of Table 6.13) serve to signify that the compen- 
Sated cross price elasticities in both the short and long 
runs dominate the output effects, unless product demand con- 
ditions are quite elastic. Hence the cross price elastici- 
ties tend to follow the cross compensated elasticities, ex- 
cept, quite naturally, the former are smaller. The own price 
elasticities are the result of the compensated own price 
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TABLE 6.13 
Factor-price elasticities of labour 
(in per cent 


Price elasticity of product demand 


Factor price* -1.5 —3 - 

Wg Long-run 0.683 0.196 -0.777 
Short-run 0.194 8 Pye | 5): -1.296 

Wg Long-run Dee De2o4 0.048 
Short-run 0.108 -0.033 -0.516 

we Long-run —2.367 -3.138 -4.679 
Short—run -1.404 . -1.867 —2.793 


_ Sronort-Pun ee Ee eee 
¥The elasticities are based on a l per cent increase in each 
of the factor prices. 


elasticities and the output effects. These operate in the 
same direction, and consequently the own price elasticities 
are negative. 


EFFECTS ON INDUSTRIAL R&D EXPENDITURES 


Our major concern in this study is with the demand for R&D 
capital and its rate of accumulation. Therefore, it seems 
appropriate to translate the results on the price and output 
effects from percentage terms relating to the demand for R&D 
capital to dollar magnitudes relating to R&D expenditures 
(or the current dollar value of the rate of R&D investment). 
The total R&D capital net of depreciation in millions of 
1972 dollars is 1863 for the major R&D investment-undertaking 
firms in the sample in this study. Applying the average in- 
flation rate of the physical investment (machinery and 
equipment) deflator, 0.0834, over the period 1972 to 198550 
the R&D capital figure yields an R&D capital of 4843.8 mil- 
lion 1984 dollars for these firms. The present sample of 
firms accounts for 50 per cent of total industrial R&D ex- 
penditures. Thus (4843.8 x 2) = 9687.6 is the industrial R&D 
capital for Canada in millions of 1984 dollars. 

We apply the short-run compensated price elasticities, 
the output effects, the output elasticity, and the factor- 
price elasticities to industrial R&D capital to discern the 
impact or short-run effects on industrial R&D expenditures 
in Canada. The results are presented in Table 6.14. The 
first column of the table is derived by multiplying the R&D 
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capital figure in 1984 by the compensated price elasticities 
given by the second column in Table 6.2. The second, third, 
and fourth columns are derived by multiplying 9687.6 by the 
fourth row of Tables 6.8 to 6.10. The last three columns 
are derived as the sums of previous columns in the table. 
The last row of Table 6.14 is derived by multiplying 9687.6 
by 0.2216, which is the short-run output elasticity of R&D 
capital found in Table 6.7. We see from Table 6.14 that a 1 
per cent increase in the rental rate on R&D capital de- 
creases R&D expenditures by 12.439 million 1984 dollars at 
the existing level of output. Once the induced output ef- 
fects come into play there is a more substantial reduction 
in R&D expenditures. The decrease in R&D expenditures be- 
comes more pronounced as product demand conditions become 
more price-elastic. 

Changes in the rental rate on physical capital and the 
wage rate also affect R&D expenditures. Increases in the 
rental rate on physical capital decrease the expenditures 
and increases in the wage rate increase the expenditures, at 
the existing level of output, because R&D capital is a com- 
plementary factor of production to physical capital and a 
Substitute for labour. The induced output effects accompany-— 
ing these two factor-price increases decrease R&D expendi- 
tures. This decrease, in turn, enhances the decrease in ex- 
penditures associated with the rental rate on physical capi- 
tal, at existing output levels. The induced output effect of 
the wage increase operates in the opposite fashion to the 
price effect at the existing level of output. The former 
outweighs the latter for quite price-elastic product demand 
conditions. Lastly, from Table 6.14 we see that a 1 per cent 
increase in output increases industrial R&D expenditures by 
21.313 million dollars in 1984. Hence the decrease in R&D 
expenditures from a 1 per cent increase in the factor price 
of R&D capital is smaller than the increase arising from a 1 
per cent output increase, except for extremely price-elastic 
product demand conditions. Thus, in general, out put—enhancing 
effects stimulate R&D expenditures to a greater extent than 
do factor-price-reducing effects. 

The long-run effects on R&D expenditures can be derived 
in the same fashion as the short-run. First, we note that 
the long-run R&D capital for the firms in this study is 4563 
million 1973 dollars. Adjusting to 1984 dollars by using the 
inflation.rate of 0.0834 and multiplying by 2 yields the 
long-run total industrial R&D capital of 23,864.2 million 
1984 dollars. 
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We can now apply the long-run compensated price elastici- 
ties, the output effects, the output elasticity, and the 
factor-—price elasticities to the long-run industrial R&D 
capital to discern the long-run effects on industrial R&D 
expenditures. The results are presented in Table 6.15, which 
is constructed in a similar manner to Table 6.14, except 
long-run magnitudes are used. The magnitudes in Table 6.15 
depict the long-run effects on R&D expenditures in millions 
of 1984 dollars of a permanent 1 per cent increase in each 
of the factor prices and output level. The long-run effects 
exceed those found in the short run because the long-run 
elasticities are larger (in absolute value) and the long-run 
stock of R&D capital exceeds the short-run level. Once again 
as in the short run, the effect of a 1 per cent increase in 
Output on R&D expenditures is greater than the effect aris-— 
ing from a 1 per cent increase in the rental rate on R&D 
capital. Moreover, the difference in these effects is rela- 
tively greater compared to the short-run difference. 

Besides being able to depict the short- and long-run 
changes in R&D expenditures from increases in the factor 
prices and output, we are able to characterize the adjust- 
ment in R&D expenditures from the short to long run. We es- 
timated that it takes R&D capital 5.8 years to adjust or 
17.3 per cent of the adjustment occurs in a single year.° 
Thus the difference between the long- and short-run magni- 
tudes divided by 5.8 yields the annual adjustment in R&D 
expenditures associated with each of the factor-price and 
output changes. These results are presented in Table 6.16. 
From this table, we see that a permanent 1 per cent increase 
in the rental rate on R&D capital, at the existing level of 
output, causes an annual decrease in R&D expenditures of 
11.186 million 1984 dollars for 5.8 years. Thus, with an 
initial decrease of 12.439 million 1984 dollars there is a 
further annual adjustment for 5.8 years of 11.186 million 
1984 dollars leading to a decline of 77.320 million 1984 
dollars. In a similar fashion, we can describe the meaning 
of the other magnitudes in Table 6.16. In particular, a 
permanent increase in output causes an annual increase in 
R&D expenditures for 5.8 years of 37.462 million 1984 dol- 
lars after the initial increase of 21.313 million 1984 
dollars. It is not surprising that since the short- and 
long-run effects of an output increase are greater than the 


5 See the discussion after the estimation results in 
Chapter 5. 
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effects of an increase in the rental rate on R&D capital, 
the annual adjustment associated with increases in the 
former variable outweighs increases in the rental rate. 


SUMMARY OF PRICE AND OUTPUT EFFECTS 


In this chapter we have analysed how price and output 
changes affect the demands for physical and R&D capital and 
labour for the major R&D investment-undertaking firms in 
Canada. A number of major conclusions have emerged from the 
results. First, the demand for R&D capital is responsive to 
its own rental rate and the factor prices of the other in- 
puts. Second, the price effects generated at the existing 
level of output production are quite inelastic, with the 
long-run elasticity exceeding the short-run. Third, the 
rental rate on R&D capital affects the demands for both 
physical capital and labour such that the capital inputs 
complement each other, while R&D capital and labour are sub- 
Stitutes. Fourth, the demand for R&D capital is directly af- 
fected by output increases, the long-run effect being great- 
er than the short-run. Indeed, there is no evidence to sug- 
gest, even in the long run, that output growth leads to 
larger than equiproportional growth in R&D capital. Fifth, 
‘the output elasticity of the demand for R&D capital is 
greater than the factor-price elasticity, at the existing 
level of output, and in general, the former is greater than 
the latter even when the induced output effect is considered 
in the factor-price elasticity. 

In the short run a 1 per cent increase in the rental rate 
on R&D capital causes R&D expenditures to decline by about 
12.5 million 1984 dollars, at the existing level of output. 
If the induced output effects are considered, R&D expendi- 
tures decline anywhere from about 16 million 1984 dollars to 
approximately 26 million 1984 dollars, under rather price- 
elastic product demand conditions. In addition, without the 
output effects, a 1 per cent increase in the rental rate on 
physical capital causes R&D expenditures to decline by 4.5 
million 1984 dollars, while a 1 per cent increase in the 
wage rate generates a 17 million 1984 dollar increase in ex- 
penditures. The direction of these effects arises from the 
complementarity of the capital inputs and the substitutabil- 
ity of R&D capital and labour. The induced output effects of 
changes in these two prices cause R&D expenditures to 
decline. 
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In the long run, the decline in R&D expenditures is sub- 
stantially larger when any one of the capital input prices 
rise, and the ineréase 1s relatively Larger; than in 7che 
short run when the wage rate increases. In the long run, the 
induced output effects are sufficiently large to cause R&D 
expenditures to decline when all factor prices increase. In- 
deed, the combination of the relatively large long-run ef- 
fects and the fact that R&D capital takes 5.8 years to 
adjust to its long-run level led us to the result that a l 
per cent increase in the rental rate on R&D capital causes a 
further annual decline in R&D expenditures for 5.8 years of 
11 million 1984 dollars, at the given level of output, and 
of 15 to 26 million 1984 dollars with the induced output ef- 
fects. Moreover, even changes in the rental rate on physical 
Capital and the wage rate cause annual adjustments in R&D 
expenditures, which become quite substantial when the output 
effects are included. 

Finally, a 1 per cent increase in output generates in the 
short run about a 21.5 million 1984 dollar increase in R&D 
expenditures and a further annual adjustment for 5.8 years 
of about 37.5 million 1984 dollars for a long-run increase 
of 238.5 million 1984 dollars. We found that R&D expendi- 
tures respond relatively more to output increases than to 
decreases in the rental rate of R&D capital. 


7 


Tax policy and factor demands 


The purpose of this chapter is to determine the effects of 
tax policy on the demands for physical capital (or plant and 
equipment), R&D capital, and labour for the major R&D 
investment—undertaking firms in the Canadian economy. In ad- 
dition, we determine the manner in which R&D expenditures 
are affected by tax policy and the cost to the government of 
alternative tax measures. 

Three tax policies are considered: the physical invest- 
ment tax credit, the R&D investment tax credit, and the al- 
lowance on incremental R&D investment. Changes in the rates 
of these alter factor prices, and as a consequence affect 
the structure of production. An increase in the physical 
investment tax credit lowers the rental rate on physical 
capital. This decrease triggers effects on all the factor 
demands. Increases in the R&D investment tax credit and the 
allowance decrease the rental rate on R&D capital and thus 
affect the structure of production. 


PHYSICAL INVESTMENT TAX CREDIT 


An increase in the physical investment tax credit decreases 
the rental rate of physical capital by lowering the unit 
cost of incurring an additional expenditure on plant and 
equipment investment. Briefly, consider a $1 expenditure on 
plant and equipment. The tax reduction on this $1 expendi- 
ture is composed of two elements: a deduction and a credit. 
The deduction consists of the present value of depreciation 
deductionsmnet of sthettaxicredit alhuseid Ose za ieisrene 
present value of depreciation deductions and v is the tax 
credit rate, then the tax deduction is $ucz(l-v), where uc 


is the corporate income tax rate. For example, with a depre- 
ciation rate of 30 per cent and a discount rate of 15 per 
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cent, z = 0.607. In addition 1f ue = 0.40 andy = Ul)0,ernem 


the deduction is $0.28. The tax credit is v = 0.10 so the 
total tax reduction is $ucz(l-v) + $v = $0.28 + $0.10 = 


$0.38. Thus the post-tax unit cost of plant and equipment 
expenditure is $1 - $0.38 = $0.62. 

Suppose the tax credit rate doubles from 0.1 to 0.2. The 
tax reduction increases because the credit increases, but 
notice that the deduction decreases. Since the credit re- 
duces depreciation deductions, a higher credit rate de- 
creases them even further. Consider the present example. The 
deduction is $ucz(l-v) = $0.46(0.67)(1-0.2) = $0.25, which 


is $0.03 smaller than for the example with the lower tax 
credit. The total tax reduction, however, is $u-z(l-v) + $v 


= $0.25 + $0.20 = $0.45. This is $0.07 greater than in the 
previous case. A doubling of the tax credit increases the 
tax reduction by 18 per cent and decreases the post-tax unit 
COSt LO 1s .05..0F Dy al) per cent. 

The demands for the factors of production depend on 
(among other things) the array of factor prices. The unit 
cost of plant and equipment expenditure is part of the 
rental rate on physical capital. Hence changes in the tax 
credit affect the unit cost of plant and equipment expendi- 
ture and thus the rental rate on physical capital. We have 
seen (in Chapter 5, following equation (5.11)) that the 
rental rate on physical capital is 


“qen Ppl (P+5p) (1-v-dp) + Up(rpC1-uc) - )], 
where dp = uc(l-v)z and z is the present value of deprecia- 
tion deductions. Thus the term 1-v-dp is the post-tax unit 


cost of plant and equipment expenditures. This expression is 
modified to reflect the fact that the price of a unit of 
physical capital is not $1 but pp, that the portion (P+5p) 


of the unit cost accrues to the present period, and that Vp 


of the unit of physical capital is financed by debt. These 
modifications translate the unit cost of plant and equipment 
expenditures into the rental rate on physical capital. 

An increase of 1 per cent in the physical investment tax 
credit reduces the rental rate on physical capital by 


[Pp(e+Sp) (1-ucz)v/wg |] per cent, 


or 0.181 per cent. In other words, if the tax credit doubles 
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and the existing rental rate is $1 then the rental rate de- 
clines by $0.181. 

We are now in a position to determine the effects of 
changes in the tax credit on factor demands. In the short 
run we use the first row of Table 6.2, the second, fourth, 
and sixth rows of Table 6.8, and the second row of Tables 
6.11, 6.12, and 6.13 to obtain the compensated price effect, 
the induced output effect, and the total effect respectively 
in each of the factor demands. We multiply each of these 
rows by -0.181. In the long run, we use the first row of 
Table 6.4, the first, third, and fifth rows of Table 6.8, 
and the first row of Tables 6.11, 6.12, and 6,13. Once again 
we multiply these rows by -0.181. The short- and long-run 
results are presented in Table 7.1. At the existing level of 
output, a 1 per cent increase in the physical investment tax 
credit increases the short-run demands for physical and R&D 
capital by 0.022 per cent and 0.009 per cent respectively. 
These percentages increase to 0.055 per cent and 0.029 per 
cent respectively, in the long run. At the existing level of 
output, labour demand decreases because it is a substitute 
for physical capital. In the short run, the demand decreases 
by 0.125 per cent, and in the long run the decline in labour 
demand becomes more pronounced. The decrease is 0,212 per 
cent. However, when we consider the induced output effects 
in both the short and long runs the demands for all the fac-— 
tors increase, The change in output enhances the effects on 
the capital inputs and modifies the negative impact on 
labour demand at the existing level of output. It is of in- 
terest to note that because the short-run output effects of 
labour demand exceed those obtained in the long run, labour 
demand increases in the short run at a relatively more 
price-inelastic product demand than in the long run. 


R&D INVESTMENT TAX CREDIT 


The general analysis pertaining to the physical investment 
tax credit also applies to this part of the chapter. The 
unit cost of $1 of R&D expenditures is reduced by the tax 
deduction arising from the expensing of the $1 expenditure, 
the tax credit, and the incremental allowance associated 
with the expenditure.’ Increases in the investment tax 


1 The implications with respect to the post-tax unit cost 
of R&D expenditures were fully discussed in Chapter 3. 
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credit rate reduce the post-tax unit cost of R&D expendi- 
tures, and as a consequence the rental rate on R&D capital. 
The rental rate on R&D capital (see the discussion in Chap- 
ter 5 following equation (5.11)) is 


Ws = PrlOtd,)((1-u,c)(1-v) - dp) + Uy (rp(l-uc) - p)]. 


Thus a 1 per cent increase in the R&D investment tax credit 
reduces the rental rate by 


—[ pr(p+6;)(1-uc)v/ws] per cent, 


or 0.084 per cent. In other words, if the vax credit, rate 
doubles and the existing rental rate is $1, then the rental 
rate decreases by $0.084. The percentage decrease in the 
rental rate on R&D capital is substantially below that on 
physical capital because the effective R&D investment tax 
credit rate is much smaller than the effective rate for 
physical investment. Indeed, the effective R&D investment 
tax credit rate is only around half the statutory rate of 
0.10. Limitations on the ability of firms to use the R&D 
investment tax credit create a situation where credits are 
unutilized and the effective credit rate falls below the 
Statutory rate.> 

The effects on factor demands of a change in the R&D 
investment tax credit rate are given in Table 7.2. This 
table is constructed in the following manner. The short-run 
effects in column 1 are obtained by multiplying the second 
row of Table 6.2 by -0.084. The second, third, and fourth 
columns are obtained by multiplying the second, fourth, and 
sixth rows of Table 6.9 by -0.084. The last three columns 
are found by adding the first column to each of the second, 
third, and fourth columns of Table 7.2. In the Long run, we 
use the second row of Table 6.4 and the first, third, and 
fifth rows of Table 6.9. 

We can observe from Table 7.2 that the pattern of the 
effects is the same as when the physical investment tax 
credit rate increased. However, now the total effects are 
much smaller (in absolute value). There are two reasons. 
First, the output effects associated with changes in the 
rental rate on R&D capital are relatively smaller than those 
associated with the rental rate on physical capital, the 
reason being that physical capital comprises a much larger 
share of total costs. Second, the effective R&D investment 


2 In Chapter 3 we discussed the severe problem of unutil- 
ized R&D investment tax credits. 
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tax credit rate is substantially less than the effective 
physical investment tax credit rate. Indeed, we found that a 
1 per cent increase in the latter rate decreased the rental 
rate on physical capital by 0.181 per cent, whereas for the 
credit on R&D capital, the rental rate declined by only 
0.084 per cent. 

Since the effective R&D investment tax credit is at about 
one-half the statutory rate, if we double the magnitudes in 
Table 7.2 then we can obtain the effects on factor demands 
when the R&D investment tax credit rate equals the statutory 
rate of 0.10. In this case a 1 per cent increase in the 
credit rate decreases the rental rate on R&D capital by 
0.168 per cent (or 2 x 0.84 per cent). 

We can interpret the difference between the effects at 
the effective and statutory R&D investment tax credit rates 
in the following manner. In the short run, if the government 
introduced policy changes such that the effective tax credit 
rate became equal to the statutory rate then the demand for 
R&D capital would increase by 1.1 per cent at the existing 
level of output and by 1.4 to 2.3 per cent in total, depend- 
ing on the price elasticity of product demand conditions. 
Next if the statutory credit rate increases from 0.10 to 0.20 
then the demand for R&D capital increases by 2.2 per cent at 
the existing level of output and by 2.8 to 4,6 per cent in 
total. Thus the total effect in the short run of the two tax 
policies is to increase the demand for R&D capital by a 
range from 4.2 per cent to 6.9 per cent. In the long run, 
the total effect of the combination of erasing the non- 
utilization of R&D credits and doubling the statutory credit 
rate ranges from 7.2 to 12.4 per cent. 


INCREMENTAL R&D INVESTMENT TAX ALLOWANCE 


The previous tax credits had at least one common aspect. They 
were based on the investment expenditure in the current year. 
The incremental tax allowance is based on the difference 
between the current R&D expenditures and the average over 

the past three years. If current expenditures exceed the 
three-year moving average, then y; of the excess is added to 


the allowable tax deductions pertaining to R&D investment. 
For example, with $1 in current R&D expenditures, which also 
represents the excess over the average of the past three 
years, there is a tax reduction of $(1+y,)uc. The post-tax 


unit cost of the R&D expenditures is $[1 - (1+y;)u,]. Thus, 
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with a corporate income tax rate of 0.46, and an incremental 
R&D investment tax allowance rate of 0.5, the tax reduction 
on a $1 expenditure, which is also the excess over the base, 
is equal to $0.69, and the post-tax unit cost is $0.31. 

To determine the impact of a change in the incremental 
R&D investment tax allowance rate on factor demands consid- 
er, once again, the rental rate on R&D investment. From 


Ws = Prlotdy)(1-uc)(1-v) - dy) + by(rp(i-uc) - 9], 
the tax allowance rate affects the rental rate through d,;. 
By definition, 


Kon) 


Waals vere |e PTur(t ar 


(see the discussion in Chapter 5 after equation (5.8)). 
Under the tax legislation relevant to this study, the time 
period used in determining dy is the current and three pre- 


vious periods. Thus the current period's R&D expenditures 
enter into the calculation of the present tax allowance, and 
into the computation for the following three years. They do 
so because the base of the allowance rate is the excess of 
the current expenditures over the average of the previous 
‘three years. Thus we can define 


ihe ete 
He = 2ohr(t)/C1tp); 
WHEE HR (O)Jb=al4, UCT) =-<1/3 for t= 1,253, and) 60 


Ws = Prl(O+Sp)((1-uc) (1-v) - ucYru,) + bey iue) 
- oO o 


Now we find that a 1 per cent increase in the tax allowance 
rate decreases the rental rate by 


-[pr(o+5; uch Yr/ws] per cent, 


or by 0.066 per cent. Thus given a doubling of the incremen- 
tal R&D investment tax allowance rate and an existing rental 
rate of $1, the rental rate declines by $0.066. 

The effects on factor demands of a change in the incre- 
mental R&D investment tax allowance rate are given in Table 
7.3. This table is constructed in an identical fashion to 
Table 7.2 except the multiplying number is -0.066. From 
Table 7.3, we see that these effects are the smallest (in 
absolute value) of the varoius tax incentive effects we have 
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considered in this chapter. In addition, the effects are 
close in magnitude to the R&D investment tax credit elas- 
ticities pertaining to the effective tax credit rate. Hence 
an allowance, which by definition only decreases taxable in- 
come, and is based on incremental R&D expenditures, exerts 
almost the same impact as the effective tax credit, based on 
total R&D expenditures. 


R&D EXPENDITURES AND TAX-—POLICY COSTS 


The effect on R&D expenditures of the three tax incentives 
we have considered can be seen in Tables 6.14, 6.15, and 
6.16. To derive short-run effects on R&D expenditures we use 
Table 6.14. By multiplying the first row of this table by 
-0.181, which is the decrease in the rental rate on physical 
capital for a 1 per cent increase in the physical investment 
tax credit rate, we compute the increase in R&D expenditures, 
valued in millions of 1984 dollars, associated with this 
policy change. The short-run effects associated with in- 
creases in the effective and statutory R&D investment tax 
credit rates and the incremental R&D investment allowance 
rate are obtained by multiplying the second row of Table 
6.14 by -0.084, -0.168, and -0.066 respectively. The short- 
run effects on R&D expenditures are presented in Table 7.4. 

At the existing level of output, increases in the statu- 
tory R&D investment tax credit rate exert the largest impact 
on R&D expenditures. The next largest effect is related to 
the effective R&D investment tax credit rate, while the 
physical investment tax credit rate and the incremental R&D 
allowance rate exert almost the same effect. It is interest- 
ing to note that the problem of unutilized R&D investment 
tax credits is so severe that, even at the existing level of 
output, the (effective) physical investment tax credit 
exerts almost the same effect as the effective R&D invest- 
ment tax credit, in spite of the relatively small short-run 
cross price effects between physical and R&D capital, at the 
existing level of output (see the second column in Table 
ODA 

We can also observe from Table 7.4 that the output ef- 
fects on R&D expenditures of an increase in the physical 
investment tax credit rate dominate all other output ef- 
fects. This situation arises because the cost share of phys- 
ical capital is substantially larger than that of R&D capi- 
tal. Lt.is the. formen that 1s part. or. the output jeffects for 
the tax policy which affects the rental on physical capital, 
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and the latter that is part of the output effects for tax 
policies which affect the rental rate on R&D capital. Be- 
cause the output effects of increases in the physical in- 
vestment tax credit rate are so large, the total effect of 
this tax incentive dominates all others. 

The long-run effects on R&D expenditures of the tax- 
policy changes are presented in Table 7.5, and Table 7.6 
contains the annual adjustment effects as R&D expenditures 
approach their long-run level. The first row of Table 7.5 is 
derived by multiplying the first row of Table 6.15 by 
-0.181; the other rows are derived by multiplying the second 
row in Table 6.15 by -0.084, -0.168, and -0.066. Table 7.6 
is derived in the same fashion, but Table 6.16 is used. The 
pattern of effects both in the long run and in the ad just— 
ment to the long run resembles the pattern found in the 
short run. Thus we see that the problem of unutilized R&D 
investment tax credit is important in terms of limiting the 
effectiveness of increases in the credit rate stimulating 
R&D expenditures. Indeed the relative difference between the 
effects at the statutory and effective rates is two to one 
and the effect of increases in the allowance (based on in- 
cremental R&D expenditures) is almost as large as the impact 
from the effective tax credit rate. In addition, tax policy 
incentives for physical investment tend to be an important 
stimulant to R&D expenditures because of the complementary 
nature of the capital inputs in production, in both the 
short and long runs, and of the adjustment process. 

The tax incentives affect the structure of production, in 
general, and stimulate R&D expenditures, in particular. To 
undertake these policy measures the government must incur 
costs in terms of forgone tax revenues. We would like to 
know the costs of the various policies under consideration. 
In addition, determining the costs would permit us to obtain 
a better handle on the relative effectiveness of the physi- 
cal investment tax credit in stimulating R&D expenditures 
compared to the R&D investment tax credit and allowance. A 1 
per cent increase in the physical investment tax credit rate 
costs the government relatively more than a 1 per cent in- 
crease in the other credit and allowance rates, because 
physical capital comprises a relatively larger proportion of 
production costs than does R&D capital, That is, there is a 
larger production cost reduction from a 1 per cent increase 
in the former rate than in the latter rate. Therefore the 
firms receive a relatively larger subsidy from the govern— 
ment. Thus the relative effectiveness in stimulating R&D 
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expenditures is appropriately measured on a per dollar basis 
of government cost, rather than in terms of the magnitude of 
R&D expenditures. 

First consider a 1 per cent increase in the physical in- 
vestment tax credit rate. This generates a decrease in costs 
of 0.059 per cent.* Total costs are 177.4 million 1972 dol= 
lars at the mean of the sample of data in this study. Gross- 
ing up by the average inflation rate of 0.0834 and by the 
number of firms (27), and doubling this figure in order to 
obtain the costs pertaining to all firms engaged in under- 
taking R&D investment, the total cost, for all firms, is 
250.559 million 1984 dollars.* Thus total costs decline by 
14.783 million 1984 dollars. Hence if the government in- 
creases this tax credit rate, the total increase in R&D ex- 
penditures ranges from $0.107 to $0.48 per dollar of lost 
tax revenue, and about $0.06 at the existing level of output. 
These figures are obtained by dividing the first row in 
Table 7.4 by 14.783. Therefore, because of the complemen-— 
tarity of the capital inputs in the production process, a 
policy measure designed to stimulate physical investment 
also causes firms to increase R&D expenditures. 

Next consider a 1 per cent increase in the R&D investment 
tax credit rate. The decline in costs is 0.005 per cent 
which is 1.253 million 1984 dollars. Dividing the second row 
of Table 7.4 by this figure yields $0.83 of R&D expenditures 
per dollar of lost tax revenue, at the existing level of 
output. The total effect ranges from $1.06 to $1.73 of R&D 
expenditures per dollar of lost tax revenue.° 

A 1 per cent increase in the incremental R&D investment 
tax allowance causes costs to decline by 0.004 per cent or 


3 Equation (5.13) defines the change in costs for an in- 
crease in the rental rate on physical capital. By multi- 
plying both sides of this equation by the ratio of the 
rental rate on physical to total costs, we obtain the 
percentage change in costs for a 1 per cent increase in 
the rental rate. If we multiply this magnitude by -0.181, 
we obtain the percentage decline in costs for a 1 per 
cent increase in the physical investment tax credit rate. 

4 This is the same procedure we used to obtain the R&D 
capital stock in millions of 1984 dollars. 

5 These figures are also applicable to the statutory R&D 
investment tax credit rate, since this rate decreases 
total costs by twice as much as the effective rate and 
generates twice as much R&D expenditures. 
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1.003 million 1984 dollars. Thus, at the existing level of 
output, about $0.82 of R&D expenditures is generated per 
dollar of lost tax revenue and the total effect ranges from 
$1.04 to $1.70. These figures are given in Table 7.7. 


R&D TAX INCENTIVES AND POLICY PROPOSALS 


We have estimated the impact of changes in the physical and 
R&D investment tax credit rates and in the incremental R&D 
investment tax allowance rate. Recently, specific proposals 
have been introduced with respect to the tax incentives 
directed towards R&D expenditures. These proposals (see 
"Research and Development Tax Policies: A Paper for Consul- 
tation' [Department of Finance, April 1983]) have centred on 
three aspects: (1) increasing the utilization of the R&D in- 
vestment tax credit, (2) doubling the R&D investment tax 
credit rate, (3) abolishing the incremental R&D investment 
tax allowances. The evidence that we have accumulated per- 
mits us to determine the effect of each of these government 
policy changes on factor demands and costs. 

With respect to the credit utilization issue, four 
measures have been proposed. It was recommended that: 

1 The limit on the amount of tax credit a firm can claim in 

- any one year be removed. 

2 Longer periods over which unused credits can be carried 
forward or backward be introduced. 

3. Transferring of unused tax credits of a corporation to 
persons purchasing new equity issues of the corporation 
be permitted. 

4 The government provide a portion of unused credits in 
cash to non-taxable corporations and unincorporated busi- 
nesses. 

Let us assume the four policy measures will be successful 

in closing the gap between the effective and statutory R&D 

investment tax credit rates. The consequence of increasing 

the utilization of the tax credits is to raise the effective 
rate from 0.05 to 0.10. From the second row of Table oH ewe 
see that, at the existing level of output, R&D expenditures 
increase by 104.5 million 1984 dollars. The total effect 
ranges from 133 to 216.8 million 1984 dollars. The cost to 
the government in terms of lost tax revenue is 125.3 million 

1984 dollars. The third row of Table 7.4 shows us that a 

doubling of the statutory credit rate generates 209 million 

1984 dollars, at the existing level of output, and leads to 

a total effect ranging from 266 to 433.6 million 1984 
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dollars. The cost to the government of this policy is 250.6 
million 1984 dollars. The last policy concerns the elimina- 
tion of the tax allowance based on incremental R&D expendi- 
tures. In this case, from the fourth row of Table ea) 
expenditures decrease, at the existing level of output, by 
82.1 million 1984 dollars. The total effect shows a decline 
ranging from 104.5 to 170.3 million 1984 dollars. The elimi- 
nation of the allowance saves the government 100.3 million 
1984 dollars. These figures are presented in Table 7.8. 

The net effect of the policy proposals is to increase R&D 
expenditures by 231.4 million 1984 dollars, at the existing 
level of output. The net impact, inclusive of the induced 
output effects, ranges from 294.5 to 480.1 million 1984 dol- 
lars at a net cost of 275.6 million 1984 dollars. Therefore, 
the government generates per dollar of lost tax revenue 
about $0.84 of R&D expenditures, at the existing level of 
output, and $1.07 to $1.74 of R&D expenditures, when the 
total effects of each policy measure are considered. 


8 


Financial capital structure and factor 
demands 


It is often argued that R&D investment is financed relative- 
ly more through internal funds and share issues rather than 
debt. This mix is the converse of the nature of financing 
physical investment. In this study, we have developed an in- 
temporal cost-minimizing model which admits the influence of 
the finacial capital structure on factor demands. In this 
chapter the nature of this influence and also the effects of 
interest-rate changes on the demands for physical and R&D 
capital, labour requirements, and R&D exependitures are in- 
vestigated. | 


FINANCING PROPORTIONS AND INTEREST RATES 


The proportion of financing conducted by debt relative to 
equity affects the unit costs of physical and R&D capital 
and therefore the prices firms pay for the use of these fac-— 
tors of production. We have estimated (see Table 5.1) that 
47 per cent of physical capital is financed by debt, while 
only 9 per cent of R&D capital is funded in this manner. 
The reasons for this difference can be based on the relative 
risks associated with R&D projects. First, the outcome of 
R&D investment is uncertain and therefore (in a situation 
where default is costly) firms may not be able to borrow 
adequate funds to finance development of a new product or 
process. Indeed, it may be that only firms generating a sub- 


1 In Table 5.1 the parameters Wp and Wy represent the debt- 


financing proportions of physical and R&D capital respec- 
tively. 
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Stantial flow of funds can support a sizeable R&D investment 
erfort. 

Second, the willingness and abil TiEysoLerinmsetG oo .LC 
the financial capital markets depend on the perception of 
the risks associated with R&D investment. For secretive 
processes which could not be reasonably protected by 
patents, a firm may be unwilling to reveal any more than a 
small part of the process to the capital market. In addi- 
tion, the market may not be able to evaluate the risks 
associated with a proposed process when the expertise is 
distributed only among the personnel of the firm. 

An increase in the interest rate affects the rental rates 
on physical and R&D capital, and therefore the structure of 
production is altered. Indeed, the interest rate on corpo- 
rate debt, through its effect on both rental rates, affects 
the demand for each factor of production. Thus, the demand 
for each input is influenced by the debt-financing composi- 
tion of both types of capital and by the elasticities asso- 
ciated with both rental rates.? Therefore, as the factor 
price effects and the debt-financing composition for both 
Capital inputs become equalized, then the interest rate ef- 
fects on physical and R&D capital become equalized. 

The interest rate effects are presented in Table 8.1. We 
can observe that the effects on R&D capital and physical 
capital are not substantially different, especially when the 
total effect is considered and not just at the existing 
level of output. The result arises because the rental rate 
on physical capital affects the demand for R&D capital sig- 
nificantly more than the reverse, which overcomes the dif- 
ferential in the composition of debt Pinanc ing". 

The influence of the interest rate on labour demand is 
quite interesting. At the existing level of Output, an in- 
crease in the rate raises labour demand because this factor 
is a substitute for both capital inputs. However, as the in- 
duced output effects come into play they generate decreases 
in labour demand, and for very price-elastic product demand 
conditions labour demand also decreases with an increase in 
-the interest rate. 


2 This can be seen from the formulas for the interest-rate 
effects given at the bottom of Table 8.1. They are ob- 
tained by differentiating the system of factor demand 
equations (which are the estimated equations (5.18), 
(5.19), and (5.20)) with respect to the interest rate on 
corporate bonds. 
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TABLEVSS 1 
Interest-rate effects on factor demands (in per cent 
Effect at existing 


Factor demand* output level Range sot ntotalmet fece 

K> Long-run -0.099 0.2/5 Co sul oo 
Short—run —0.039 -0.062 to -—0.129 

K, Long-run . -0.078 -—0.256 to -0.793 
Short—-run —0.026 -0.057 to —0.166 

L Long-run 0.404 0.243 to -0.240 
Short-run 0.238 0.0705 tos=0e451 


*The effects are based on a 1 per cent increase in the 
interest rate. ‘ 
**The formulas to determine these effects are 
eth ih ih 
= ah e Uprp( luc) Pp/Wq + e,Urtb(l uc) Pr/Ws. 
where the superscript i = L, s stands for long- and short- 
run, the superscript h = c,t stands for compensated and 
total price; elasticity, ‘the’ subscriptiigj"=p,r,% stands tor 
physical capital, R&D capital, and labour. 


INTEREST-RATE CHANGES, AND R&D EXPENDITURES 


Using the results given in Table 8.1 and recalling that R&D 
Capital was 9687.6 million dollars in 1984 and the long-run 
R&D capital was 23,864.2 million dollars in 1984, we can 
calculate the changes in R&D expenditures associated with 
increases in the interest rate. The results are given in 
Table 8.2. We see that, at the existing level of output, a l 
per cent increase in the interest rate causes R&D expendi- 
tures to decline by 2.5 million dollars in 1984. The de- 
crease in expenditures from the total effect ranges from 5.5 
to*?ras> mifizvon' dollars’ in 1984," as a-result of a. if perecent 
increase in the corporate bond interest rate. If we are con- 
cerned with the long run, then the decline in R&D expendi- 
tures is more pronounced. At the existing level of output, 
expenditures decrease by about 18.5 million dollars, while 
the total effect in the long run causes a decrease ranging 
trom 61700, 188.5, million dollars, 
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Conclusion 


This study leads to three general classes of conclusions: 
first, the factor substitution, output expansion, and capi- 
tal adjustment effects; second, the tax incentive effects; 
and third, the financial capital structure effects. The 
first set of results relates to the determinants of the 
structure of production and investment of the major R&D 
investment—undertaking firms in Canada. Specifically, we 
found that physical and R&D capital were complementary 
factors, while each was a substitute for labour. 

The demand for R&D capital depended on all three factor 
prices and output. We estimated that a 1 per cent increase 
in the rental rate on R&D capital decreased the demand for 
R&D capital by 0.12 per cent in the short run, and by 0.32 
per cent in the long run, when the level of output produc-— 
tion does not change. Once the output effects are consid- 
ered, the range of the decrease in the short run is 0.16 to 
0.46 per cent depending on the degree of competitiveness in 
the product market; the greater the degree of competition, 
the larger is the decline in R&D capital. In general, the 
output effects dominate the factor-price effects such that 
when output alone increases by 1 per cent the demand for R&D 
capital increases by 0.22 per cent in the short run and by 
almost 1 per cent in the long run. Thus R&D capital in the 
long run increases in proportion to output. There does not 
seem to be any evidence that demand increases more then 
equiproportionately to output. 

The accumulation of R&D capital is affected by factor- 
price and output ‘changes. We estimated that a 1 per cent 
increase in the rental rate on R&D capital caused R&D ex- 
pend: tures, to decline by 12.5 million. dollars ins1934 mar 
the existing level of output. If the induced output effects 
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associated with the factor-price rise are considered then 
the decrease ranges from 16 to 26 million dollars in 1984, 
In addition, we found that changes in the prices of physical 
Capital and labour exerted pressure on R&D expenditures. A 1 
per cent increase in the rental rate on physical capital 
caused R&D expenditures to decline by 4.5 million dollars in 
1984, at the existing level of output, and to decline by 13 
to 39 million dollars when output decreases in response to 
the higher factor cost. Also a 1 per cent increase in the 
wage rate generated 17 million more dollars in 1984 for R&D 
expenditures. However, as output falls with the higher wage, 
the increase in R&D expenditures falls to about 9 million 
dollars, and if the product market is quite competitive R&D 
expenditures may even decrease by 15 million dollars in 
1984. These results, encompassing the induced output ef- 
fects, indicate that output changes exert a great influence 
on R&D expenditures. Indeed a 1 per cent increase in output 
generates as much as 21 million dollars more R&D expendi- 
tures in 1984, 

In this study we estimated that firms take time to adjust 
both their R&D and physical capital stocks. Physical capital 
takes about four years to adjust, with about 26 per cent of 
the adjustment occurring in a Single year. R&D capital takes 
longer. The process takes about six years, with 17 per cent 
of the adjustment occurring in a single year. It is also of 
interest to note that the adjustment in physical capital 
hastens the adjustment in R&D capital. The converse is true 
as well. Therefore, the capital inputs are complements both 
in the production and in the capital adjustment processes. 

Turning to the second set of conclusions, we found that 
the tax incentives on physical and R&D investment do affect 
the structure of production. A 1 per cent increase in the 
tax credit rate on physical investment in the short run 
generated a 0.022 per cent increase in physical capital, at 
the existing level of output, and when output effects were 
considered the range of increase was 0.034 to 0.069 per 
cent. In the long run, the range of increase in physical 
capital was 0.153 to 0.446 per cent, with an increase of 
Q.055 per cent at the existing level of output. Physical and 
R&D capital are complementary factors, which means that an 
increase in the tax credit rate on physical capital gener- 
ates an increase in the demand for R&D capital. In the short 
run, at the existing level of output the increase is about 
0.01 per cent. However, once the induced output effects are 
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considered, the rise in demand ranges from 0.02 to 0.0/5 per 
cent. In the long run the increases are much larger, ranging 
from: Oslo/ =o Os420 per cele. 

Labour demand is also affected by the tax credit on phys- 
ical investment. Since labour and physical capital are sub- 
stitutes, at the existing level of output labour demand de- 
clines in response to a 1 per cent increase in the tax 
credit. In the short run the decline is 0.125 per cent and 
in the long run 0.212 per cent. However, the induced output 
effects associated with the increase in the tax credit cause 
labour demand to rise. These effects tend to offset the de- 
crease in demand when output does not expand. Thus, in the 
short run the net effect on labour ranges from a decrease of 
0.035 per cent to an increase of 0.235 per cent, while in 
the long run the range is from a decrease of 0.124 per cent 
to an increase of 0.140 per cent. 

The increase in the demand for R&D capital associated 
with a higher tax credit on physical investment implies that 
R&D expenditures must rise. We calculated that at the exist— 
ing level of output, R&D expenditures would increase by Osco 
million dollars in 1984 for a 1 per cent increase in the tax 
credit rate. The total effect ranges from 2.4 to 7 million 
dollars in 1984. The cost to the government of increasing 
the tax credit by 1 per cent is 14.78 million dollars in 
1984. Thus the increase in R&D expenditures per dollar cost 
to the government for a 1 per cent in the credit rate on 
physical capital ranges from $0.11 to $0.48. 

An increase in the R&D investment tax credit rate affects 
the structure of production and R&D expenditures. Indeed, an 
increase in this credit rate generates the same directional 
shift in factor demands as an increase in the rate on physi- 
cal investment, although the magnitudes are different. A l 
per cent increase in the R&D investment tax credit rate 
causes the demand for R&D capital to increase by 0.011 per 
cent in the short run and by 0.027 per cent in the long run, 
at the existing level of output. The total effect ranges 
from 0.014 to 0.023 per cent in the short run and from 0.036 
to 0.062 per cent in the long run. Moreover, the | per cent 
increase in the tax credit rate causes the demand for physi- 
cal capital to increase by 0.003 to 0.009 per cent in the 
short run and 0.013 to 0.039 per cent in the long run. 
Labour demand may increase or decrease in the short run 
in response to a higher credit rate, depending on the degree 
of competitiveness in the product market. As the product 
market becomes more competitive labour demand variations 
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range from a decline of 0.009 per cent to an increase of 
0.043 per cent. In the long run, labour demand generally 
declines in response to an increase in the tax credit on R&D 
investment, but the effects are not very large, varying from 
0.028 to 0.004 per cent for relatively more competitive 
product markets. 

The results of an increase in the tax credit rate on R&D 
investment pertain to the effective rate utilized by the 
major firms undertaking R&D investment. Indeed, we calcu- 
lated that the effective credit rate was one-half the statu- 
tory rate of 0.10. Therefore the underutilization of the R&D 
credits was a severe problem. Little would be gained by gov- 
ernment policy which increased the statutory rate without 
solving the utilization problem. However, if the utilization 
issue could be overcome, thereby eliminating the gap between 
the effective and statutory rates, the impact of an increase 
in the tax credit rate would be twice as large as that found 
for an increase in the underutilized credit rate. 

R&D expenditures respond to increases in the tax credit 
rate. A 1 per cent increase in the effective tax credit rate 
generates 1.05 million dollars more R&D expenditures in 
1984, at the existing level of output. Once the output ef- 
fects come into force the increase in R&D expenditures 
ranges from 1.33 to 2.17 million dollars in 1984. The 1 per 
cent increase in the effective rate costs the government 
1.25 million dollars in 1984. Therefore, at the existing 
level of output $0.83 of R&D expenditures is generated per 
dollar cost to the government, and with an expanding output 
Chevranges 1s. $1 06eton$!. 73. 

The effects on R&D expenditures and the structure of 
production generated by an increase in the incremental R&D 
investment tax allowance are almost the same as those 
generated by an increase in the effective tax credit rate. 
This result further highlights the severity of the under- 
utilization problem of R&D investment credits, because the 
allowance is based only on the excess of current R&D expend- 
itures over the average of the previous three years, while 
the credit is based on total current R&D expenditures. We 
estimate that a 1 per cent increase in the incremental R&D 
investment tax allowance caused R&D expenditures to increase 
by2O..c2i omitlion dollars in 1984, at the.existing Level of 
output, andl resulted+in, astotal increase, of 1.05 to 1.70 
million dollars in 1984. The cost to the government of this 
1 per cent increase was slightly more than 1 million dollars 
in 1984. Thus the per dollar cost to the government when the 
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allowance rate rises is about the same as when there is an 
increase in the effective tax credit rate. 

Recently policy proposals have been introduced by the 
government which aim at eliminating the utilization problem 
of R&D investment tax credits, doubling the statutory credit 
rate (which now also becomes the effective tax credit rate), 
and eliminating the incremental allowance. We estimated that 
the net effect of these policies was to generate 231.4 mil- 
lion dollars in R&D expenditures in 1984, at the existing 
level of output, and the total effect (when output in- 
creases) ranged from 294.5 to 480.1 million dollars, at a 
cost to the government of 275.6 million dollars in 1984. 

The last set of conclusions relate to the financing com- 
position of physical and R&D capital and the effect of in- 
creases in interest rates on the structure of production. In 
this study it was estimated that additions to R&D capital 
are financed 9 per cent by debt and 91 per cent by both in- 
ternal funds and share issues. Since the firms in the sample 
issue shares relatively infrequently, the majority of the 
equity financing is conducted through internal funds. How- 
ever, for physical capital, 47 per cent of additions are 
financed by debt. Thus there is a significant difference 
between the financing modes of the two types of capital. 

Interest-rate changes affect the structure of production. 
The effects on the demands for physical and R&D capital are 
not dissimilar. At the existing level of output, when the 
corporate bond interest rate increases by 1 per cent the 
demand for R&D capital decreases by about 0.03 per cent in 
the short run and by 0.08 per cent in the long run. The 
total effect ranges from a decrease of 0.06 to 0.17 per cent 
inethe short (run and ot. 0.26, toL0.80 per cent. ingtheslonge 
run. Labour demand increases in response to a higher inte- 
rest rate at the existing level of output production, both 
in the short and long runs. Yet as the output effects come 
into force even labour demand tends to decrease. 

In 1984 a 1 per cent increase in the interest rate caused 
R&D expenditures to decline by 2.5 million dollars, at the 
existing level of output, and generated a total effect which 
raneeds from 5.5 to J4.5 million dollars. “In. general, thever— 
fects of a rising interest rate on factor demands and R&D 
expenditures were less than those obtained from growing 
product demand (or in other words output production). Thus 
the depressing influences of rising interest rates on R&D 
expenditures can be overcome by expanding product demand. 
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As Canada’s rate of productivity growth continues to slow and competitiveness from 
foreign producers continues to increase, a great deal of interest has come to focus on the 
sources of input growth. It is generally recognized that technological change exerts a 
positive and significant influence on output growth, and a major component of this 
technological development is research and development (R&D) investment. 

Jeffrey Bernstein has developed a dynamic model of a firm, incorporating the tax 
environment confronting it, and demonstrating the manner in which the firm combines 
R&D and physical capital, along with labour requirements, to minimize costs. Applying 
this model to twenty-nine firms, he investigates the degree to which R&D capital, 
physical capital, and labour are substitutable or complementary factors of production. 
He is also able to estimate the speed at which firms adjust their levels of R&D and 
physical capital, and to detail how changes in the rate of investment of one of the 
capital inputs affects the adjustment of the remaining capital input. 

Bernstein’s study has significant implications for the Canadian manufacturing industry, 
for government tax policy, and, ultimately, for the Canadian economy’s ability to compete 
in world markets. 
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